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tiw  ohiof  cleric ;  star  aervice ;  dafeota  in  prewnt  lam  ngn- 
Iktlng InoreaMdpayinent for inoteaaed aervica ;  hienaae in 
■taraerrioe;  deficieDoiea;  fitat  mail  to  Havana;  mail-ban 
mall-Mtobeis,  Ae.;  finea  ai>d  dednetioaai  mm!  of  inlaad 
^^j^ ...._       .__.__...._ 

Table 
mall-Tont 
tberaof,  at  the  oloae  of  the  eontraot  year. 

Table  B.  Exhibiting^  bjr  Statea,  the  lulioad  eerrioe  la  oper^ 
ation  Jnne  30, 18nf,  mth  the  ooat  per  mile  of  amuwl  tnw- 
pMtation. 

Table  C.  Ezhibitirw  the  Bteamboat  acrrioe  in  opention  June 
30,  1879. 

Table  D.  Showing  the  Inareaae  and  deoreaae  In  the  amonut 
and  ooat  of  midl  tranapartation  In  the  eeveial  Stataa  and 
TsTTitorlea  dnring  the  year  ended  JoDe  30,  1879. 

Table  B.  Showing  tiie  weight  of  tlia  nulla,  tba  apeed  with 
wMoh  they  are  oaitied,  tfie  aooommodationa  fbr  malla  and 
aganta,  the  tiipa  per  week,  and  tiie  rates  of  pay  per  mile 
per  annum  on  iwlcoad  rontea  in  Statea  in  wtaioh  the  oon- 
ttaot  tenn  expired  Jnne  30,  1S79,  and  alao  in  other  Statee 
and  Tetritorlea:  the  retnnu  having  been  obtained  wldt  a 
view  to  the  rMdJnatment  of  pay  in  aooordanoe  with  the  act 
of  March  3,  lB7^andiiaed  alao  in  aocordanoe  with  tlte  acta 
of  Joly  12, 1876,  and  of  Jane  17,  ItffS,  in  the  caae  of  read- 
JnatmentB  taking  efibet  on  and  after  July  1,  1876.  Thia 
table  ia  accompanied  with  an  alphabetical  index  of  the 
tltlee  of  the  companiea  carrying  the  m^la. 

Table  P.  Showing  the  lea^Jnstment  of  the  latea  of  pay  per 
mile  on  lailroaa  roatee  in  Statee  and  Territoriea  in  which 
Um  oontiaot  term  expired  Jane  30, 1879,  and  alao  In  otber 
Statea  and  on  certain  new  rontea,  the  a^Jnatroent  of  the 
adonrel  '"         ■  ■  ■    ■■■         ■■    - 

Ich  tbey 
Iwento, 
wftfatb 


jusuuouts  Tamil  sneuv  uu  huu  mimBi  ^uiy   x,  xdiu,      xiiia 

table  alao  to  aoomnpanted  with  an  alphabetical  index  of  the 
titlee  of  the  oompanlaa  oanying  the  malla. 

Index  to  Table  E. 

Index  to  Table  F. 
Table  O.  Stating  pnrohaaaa  of  mail-b^a,  lo<^  ^^eye,  oatoh- 

TableH.  Statement  of  oontracta  for  mail-ban,  oatahera,  Ac. 


lalned  in  Table  I,  and  alao  of  M  ronte-agent  and  mail- 
ronte-meaaenger  linea,  giving  the  contract  aeaignationB  of 
tite  rontea,  the  corporate  tltlea  of  the  railway  oompanlea, 
Ibe  railway  mail-aerrice  deaignationa  of  the  railway  poat- 
offloea,  the  diatanoea  between  termini,  and  nnmber  ot  mllea 
of  umnal  aervice,  the  nomher  of  ronnd  tripe  per  week,  the 
number  and  dimenaiona  of  tlie  railway  poat^offlca  eara  In 

each  reread,  and  the  amonnt  ot  the  acrriee  per- 

by  day  and  by  night,  be! 
E  and  L  of  the  report  for  1878. 
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FBrtUMtO'-aeueTal,  repoA  of  the— ConHmMif. 
SepoH  0/  ttit  Suptrintatdrntt  of  "^  £aitw^  Mail  3errio«.- 

lUl way  piwt«fflce  clerks;  rante-ftgenta— maO-ronto  ipbmmi- 
gera — lookl  m«il-agenta ;  Deoearity  for  TMtdJiiit>UAnt  of  oftl- 
■rieaof employfiaof Tailwaymailserrice;  oDief headolerlu 
abonld  be  allowed  tTaveling  expeoaw— reclUNfieatitH]  of 
employfisTecommended;  number  of  employ^;  compantWe 
•tMt«ment  of  mwl  aervioe;  extenaion  of  postal-oar  eervloe 
Id  the  Soatb;  eirora  in  distiibntion  by  employda;  errora  In 
distribution  by  pootmastoie ;  caw  axamiostioiu;  lilt  of 
oamaltiFs:  uniformB:  conclusion, 
toart  o/  TtarA  AtiMamt  Poftaiatlcr-  GMuniJ : 

Explanation  of  eocompanying  tablaa ;  opsrationa  of  flnanoe 
division ;  operations  of  poHtage-stamp  division :  operations 
of  n|[iBtt>tion  division;  files,  records,  and  maUs;  divisltm 
of  dead  letters;  oompensation  of  poatmssters;  estimates 
Ibr  ^>propiiati(nis;  condition  of  appropriations;  reoeipta 
and  expendltnTM;  leeelpts  and  dlsbniaements  at  Treasnry 
depodtories;  receiptaaiiddisbnnemeiLtaatdepoaitoiTpoat- 
offlcea;  ianies  of  postage-stamps,  &d.;  statistics  of  dead- 
lectcv  office ;  statistics  of  tegisUation. 

Ooaan  m^ls,  pumenta  ibr  transportation  of. 

Portal  serrioe  of  England  and  France,  report  by  W.  A.  Enapp, 
dderolerkPost-CMce  Department: 

TOis  Britiab  postal  organisation;  appointments;  salaries; 
oiufonns — disoipllnebranoh:  tran^xfftationirf mails;  rag- 
iibation ;  tel^raphs — poatal  laTings-baaks — dead  letters ; 
tbe  French  postal  aervioe,  admli&tratlon  aad  appoint- 
aWDts;  mlea governing ap|H>lntments ;  salaiiea;  pennons; 
KfEistration;  money-ordeiB;  poet-offloM  and posbnasten— 
railway  SNrice;  dead  letters — dniredatione  and  special 
agents;  revenaesaDdeipenditaresiaEnKlandand  France; 
cooolasioiu;  safbtyof  registered  matter  in  France  and  En- 
gland. 

Lottery  letters  in  the  mailH.  opinions  and  argument  cf  the 
Aatdstant  Attomoy-Oeneral  for  the  Fost-Offlce  Department. 

Besolla  of  an  actnat  connt  of  mail-matter  origlnatiiig  at  some 

of  the  principal  pcst-offlcee,  and  upon  all  railroad  and 

steambMt  lines,  daring  the  fiist  seven  days  of  November, 

1879. 

SnMrto/a<.^«<K(i>ro/tl«nvMiiry/M-fA«Po«(-QineeJ)qMrlmsHt.- 

CoQectlon  of  post-offloe  revennes;  revenue  account  of  the 
Post-Office  Department ;  snmmaryof  leveniieaandezpend- 
itnres;  deficiency  appropriations;  mail  transportatiait; 
statement  of  ooUeoting  division — aocomolation  of  valmUas 
flka;  statMnent  of  andited  aoooonts;  postal  reoeiptB  and 
«zpenditnres;misodlaneoiiBpayments;  condition  of  appro, 
pnations;  revMntes  and  expenses  of  flve-diliTcry  offloes: 
money-order  bnslDess;  weight  of  foreign  mails;  ststement 
of  reoeipts  and  loNSS  by  poatmastan  for  18rf-7S, 

Alphabatical  index. 
Psstmaeter-General : 

Letter  frnm,  relating  to  section  S3S  of  tho  postal  laws  and  ng- 


ToL     No.     Part. 


Letter  from,  relative  to  the  USB  of  the  mails  ibr  lotterypnrposes. 


n  daring  the  fisoal  year  ending  JnneSO,  1879 

RHt-ODoe  Department,  qaarterly  acoonnta  of  the  Treasnry  of  ^e 

United  States  on  aoconnt  of  the 

Pitddentofthe  United  States,  annDalmMsageof  the 

V  from,  transmitting  a  report  lelaUve  to  the  eonanlate 


HcMgefi 

at^n^ 


_g.  Jomthe.transmittingareport&omthelntemationnl 

Polar  Congrees , 

HeassKe  fivm,  transmitting  the  report  of  the  pnblle  laikd  oom- 

^"WlHflTI   .  ..•«.- --^.....-.  ...*..  ..........  .*_,  ,,,,.,.,.... 
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FiMident  of  the  United  State*— dMtteud. 

Meossge  fnini,  transmitting  reporta  i«UitiTe  to  ezpfttiintion 
uiilal»Tei7iiiChiiis 

Hewoge  from,  tisDSinltting  &  report  from  tbe  Seorettf^  of  State, 
nlA ting  to  thB  fnunigntfaHi  of  ChineM  to  the  United  StAtea. 

Ifaantge  m»n,  tnuumlnliig  the  desk  npcm  which  the  Deolara- 
tioa  of  Independenea  was  written 

Uessnge  fK>m,tranamlttinff  oopiea  of  coirespondence  in  rela- 
tion to  the  Int«roceaDioGanal 

Hevage  fhnu,  relative  to  oompeusation  of  United  States 
marsbats 

Message  fh>m,  in  T«lation  to  tbe  nnsettled  claims  of  Spanish 
inhabitants  of  East  Florida  dniing  tbe :; ears  1812  and  1813. 

Message  JTOm,  relating  to  commeroial  repinfa 

Measaga  from,  reUtioK  to  papers  in  oase  of  A.  H.  Emery 

Meaaaga  from,  with  his  veto  of  speoial  deflcienoy  appn>pria- 

Pnblio  lands  commission 

Pablio  lands,  depredations  on 

Pnblio  lands,  report  of 

H. 

Bailroods, statistical  abstract  of... q 

BealpTOpertv  acgoiredby  tbe  United  States 

Befiindmg  or  national  debt,  and  specie  resomption,  letter  from  the 
Secretary  of  the  TreoBury  transmitting  papers  and  dooomenta 
relating  to ^ 

Bemoval  of  wrecks 

Reports,  annual,  of  variona  heads  of  departments  and  sabordinat« 
officers.    (_Ste  accordinit  to  name  of  head  of  deportment). 

Betiredlist  of  the  Army 

Retired  list-,  Armvoffleerson  the 

Rock  Island,  ni.,  harbor  at 

Rock  Island  Rapids 

Rooky  Biver  Harbor,  Improvunent  of 

8. 

Saoramenl«  River,  mininK  debris 

Saint  Croix,  Chippewa,  Wisooosin,  and  Hissiseippi  Bivera,  sur- 
veys on  

Saint  CroixBivcT.relativB  to  the  improvement  of 

Sand-bars  and  deposits  near  Hare  Island,  CaliTamia 

Secretary  of  the  ^terior,  annu^  report  of  the.     (3  volumes) 

Embracing:  Volnme  1.  Indian  Jffain:  Agricnltnral  and 
herding;  Indian  freighting  and  niechanicalpimaitsj  edn- 
cation;  government  of  law  on  the  leeervations ;  Indian 
police;  sale  of  sims  and  ammnnilion  to  Indians;  Indian 
Territory;  White  River  Utes:  BonthumUtes;  Victoria  and 
theSonUiemApachea;  ChiefHosee  and  his  people;  Puncos; 
general  concloalons.  FKblio  Land*:  Depredations  on  the 
pnblio  timber  lands;  redwood  and  big  trees  of  California; 
private  land  claims.  Oeolo^tail  Simrf^ :  Fnblic  lands  com- 
mission. Bureau  <tf  BailTwulJewiiiiti :  Union  Pacifio  Eail- 
rood;  Central  Pacifio  Boilroad;  Kansas  Pooifio  Railway; 
Central  Branch  Union  PociBo  Railroad;  Sioux  City  and 
PooiSc  Railroad;  Texas  and  Paciflo  Railway;  Sootbem 
Pacifio  Railroad;  Northern  Paciflo  Railroad;  Saint  Louis 
and  SanFrucisco  Railway;  Burlington  and  Hiaeonri  River 
Bailroad,  In  Nebraska;  Denver  Pacific  Railroad;  Oregon 
and  California  Railroad :  Oreiron  Central  Bailroad;  appen- 
dix, recommendations,  &.D.  FentioM.  PaUmti.  EduaUbni, 
Cennu.  Entontologiaal  Comntianon:  Hot  Springs;  Yellow- 
stone Park ;  Capitol  bnllding  and  gionnda ;  hospital  for  tbe 
insane;  institntion  for  the  deaf  and  dumb;  Freedmaa's 
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Smltij  of  the  Interior,  aimiial  imort  of  the— CMffswd. 

bo^tal;  Colnmbia  hospital  for  vomen;  Court  of  CUima. 
Iteriianet:  Ut*h;  WMbington  Teiritorr;  New  Mexico: 
Dkkota;  Idaho;  Teeonatrnotlon  of  loiUu  Department 
building. 
broKTorTHBCoKHisnoNEBOFlinnAiTATFAitta;  A  patent 
folluid;  priial  aettlementH;  sole  of  arms  to  Indians;  In- 
dian eduoation ;  Indluifretehtlag;  atockoattle;  granariei 


itMthooaea;  Indian  poUce;  mBnriageB:  Foncaa;  Chief 
_— BBandhispeople;  remnantof  DDllKnlfe'Bbaitd;  Little 
Chief'a  band  of  Cheyennea;   outbreak  of  the  Utea;  Ute 


n  of  1878;  Viotoria  and  the  Sontbem  Apaohea, 

joaeph'a  band  of  Nes  Peie^a:  Miedon  Indiana;  sanitary; 
eonaolidalion  of  agenaiee;  TsMma  and  UaHMoragenoiee; 
leaerratioa  titles;  inTasion  of  the  Indian  Territory;  intm- 
don  on  Indian  land*;  law  for  Indian  reserratiODe;  depra- 
dationa  on  Indian  timber;  Boaidof  IndianCommlaaioneie; 
HRoaiaement  of  RanSM  Indian  lands  In  Kansas.  Btmrlt 
^  ImibmAmtM:  Colorado  BiTer  Agency,  Ariioiia;  Pima 
Agency,  Arisona;  Ban  Carlos  Agonej,  Arizona;  Hoopa 
Agency,  California;  Round  Valley  Agency,  Califonila; 
Tnle Biver  AKency,  California;  Mission  Agency,  San  Ber- 
nardino. Caliibmla :  LoaPinosAirencT,  Colorado;  Sonthem 
r  Agenoy,  Colorado; 
uij  Crow  Creek  Agenoy, 
Dakota;  Devil's  Lake  Agency,  Dakota;  Fort  Berthold 
Axouey,  Dakota;  Lower  Bm16  Agency,  Dakota;  Pine 
^Ige  Agency,  Dakota ;  Boae  End  i^noy,  Dakota ;  Siaae- 
ton  Agenoy,  Dakota;  Standing  RtMk  Agency,  Dakota; 
Taukton  Agenoy,  Dakota;  Fort  Hall  Agenoy,  Idaho;  Lemhi 


hita  Agenoy,  Indian  TeTritory;  Oaagr  and  Kaw  Agency, 
bdlanTenitMy;  Pawnee  Agency,  Indian  Territory ;  Ponoa 
Agenoy,  Indian  Tenitory;  Qoapaw  A^ncy,  Indian  Terri- 
fany ;  Bao  and  Fox  Agency,  Indian  Terriloiy ;  Sao  and  Fox 
^enoy,  Iowa;  Kansas  Agenoy,  Pottawatomie  RsaerTe, 
biiaas;  Mackinac  Agenoy,  Michigan;  White  Earth  Agenoy, 
Hinneaota;  Blackfeet  Agency,  Montana;  Crow  Agenoy, 
Montana;  Flathead  Agency,  Hontana;  Fort  Peck  Ageoey, 
Montana;  Fort  Belknap  Agency;  Montana;  QreatNemaha 
Agency,  Nebraska :  Otoe  Agency,  Nebraska ;  Bao  tee  Agency, 
l^braaka;  Consolidated  Winnebago  and  Omaha  Axenolee, 
Nebraska:  Nevada  Indian  Agency ;  Weetem  Shoshone 
Agency,  Nevada ;  Abiqnin  Agenoy,  New  Mexico ;  Hesoalero 
^enoy,  New  Mexico;  Navajo  Agenoy,  AriEona;  Pneblo 
Agency,  New  Mexico;  Znni  Fneb^  Day  Bchool,  HewHex- 
ieo;  New  York  Agency,  New  York;  Qrand  Ronde  Agency, 
Oregon;  Klamath  Agency,  Oregon;  Malhenr  Agenoy,  Ora- 
■mi;  SileU  Agency,  Oregon;  Umatilla  Asency,  Oregon; 
Warm  Springe  Agency,  Oregon;  Uintah  Valley  Agency, 
Utah;  Fort  CoWille  Agency,  Waahington  Terrltoir;  Col- 
»llle  Agency,  Washin^n  Territoiy;  Neah  Bay  Agenoy, 
Waehiogton  Territory ;  Pnyallnp,  Nesqually,  Ac,  Agenoy, 
Washington  Territory;  Qoinaielt  Agency,  Waehington  Ter- 
ritory ;  S'KakomUh  Agenoy,  Waahington  Territory ;  Tula- 
lip  Agency,  Washington  Territory ;  Takama  Agency,  Wash- 
ington Territory;  GreenBayAgenov,WlscoDein;  LaPolnle 
Ageiu^,  Wisconsin ;  Bhoahone  and  Bannook  Agency;  re- 


by  the  third  SM^on  of  the  Forty^ftn  Congrees,  and  the 
mataeaaion  of  theForty-alxth  Congress;  proclamation  by 
thePreiident;  llablUtleaof  UnitedStates  to  Indinntribea, 
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fiaoretsTy  of  the  Interior,  anniul  report  of  the — CwitinMed. 

&c.:  trust  fUnde  antl  trust  lands;  uiveBtineiita  of  Indiui 
fnnuo,  An.;  redemption  of  bonds,  ^to.;  list  of  Indian  tribes 
for  whom  stock  is  held  by  the  United  States,  &c.;  stock 
acconnt,  ^c.  ;-sIock  held  in  trust  by  United  States  fur 
^ibes,  &,c. ;  funds  held  in  trust  by  United  States,  &a. ;  in- 
terest  collectod  on  Unit«d  States  bonds  in  gold,  Jtc-i  iateiest 
collected  on  United  St«tes  bonds  in  currency,  &c. ;  Interest 
collected  on  State  bonds,  Ae^i  interest  appTopriatAd  by 
CoDETeM  on  non-paying  State  bonds,  &c.;  appropriations 
for  utdlan  tribas  anu  Indian  service  ibr  tiscal  year  ending 
Jnne  3l>,  1880,  itc;  noelpta  and  disbunements  on  aoconut 
of  sales  of  Indian  lamliL  Ao.;  executive  unlera  affeoting 
Indian  rescrrationa;  Indian  leeerrations,  agencies,  denom- 
inations nominating  agents,  tribes  occnpying  or  belonging 
to  reeervations,  &o. ;  statistics  relating  to  popnlation,  edu- 
cation, &c.;  table  showing  agricultural  imjirovements, 
Stock,  prodnctions,  &c. ;  vital  statistics,  &c. ;  Indian  agen- 
cies Bsigned  to  the  several  religions  denomiuatioas;  Board 
of  Indian  Conunissioners,  with  their  post-offlce  address; 
Indian  agencies,  agents,  witli  poat-offlce  and  telegraphic 

Qbnkhai.  Lanq  OrncE:  Letter  of  Conunissionei,  tranamit- 
tlng  hia  annual  t«>orI;  report  of  Couuniaiionei;  surveys; 
snrve^ofCalamet  Lake;  sucveyof  Cherokee  lands  in  North 
Carohna;  resurveyof  the  Cattaraagos  Indian  Beservation; 
Old  Cherokee  Indian  Ueserrntiou ;  stirvey  and  subdivision 
of  Bed  Cloud  and  Spotted  Tail  Beeerves  in  Dakota;  snr- 
Tey  of  the  Colorado  aud  Utah  boundaryj  abstract  of  de- 
cisions affecting  surveys ;  circular  in  re  I  itton  to  assignment 
of  certificates  of  deiKieit  on  account  of  sorve^i'Si  disposals  of 
public  lands;  pre-emptions;  homesteads;  timber  cnltnre; 
grants  for  railroads,  wagon-roads,  and  canals;  circular  in- 
stmciions  to  registers  and  receivers  relatioK  to  the  adjust- 
ment of  railroad  grants ;  mineral  lands ;  aiQustment  of  ac- 
counts; timber  lands,  limber  depredations;  private  land 
olatnia;  Southern  puldio  lands;  abandoned  military  leaer- 
vations;  reaeirationaof  pubUolandsfcr  miUtarypnrpoaea; 
cinical  force  and  work  of  the  Ocueral  Land  OCHce ;  area  of 
public  domain  anrreyed  during  fiscal  year ;  lands  sold  and 
entered  under  homeatead  and  timber  culture  actj  swamp 
lands;  issuea  and  locations  with  bounty-land  warrants; 
eoncearions  to  States  and  corporations  for  railroads  and  mil- 
'  '  'o  States  for  canal 


itary  wagon-TOaAporposea;  coi _ 

finrposea;  time  wlum  railroad  rishta  attach  to  lands  gran  ted; 
apsed  railroad  grants ;  rights  o7  way  to  railway  conipaniea ; 
alwtnct  of  suspended  eases  In  the  public  land  division  con- 
firmed by  the  board  of  adjndicatioc ;  abstract  of  suspended 
oases  reacted  by  the  hoard  of  equitable  adjudication;  esti- 
mates of  appropriations  for  the  fiscal  year  ending  Jnne  30, 
IWI;  bistorical  and  statistical  table  of  the  Unitetl  States 
and  Territories.  lUportanftlitSnTvryein-Geittral:  Arizona; 
Califrania;  Colorado;  Dakota;  Florida;  Idaho;  Louisiana; 
Minnesota:  Montana;  Nebraska;  Nevada;  New  Mexico; 
Oregon;  Utah;  Waahingtou Territory;  Wyoming. 
Volume 2.  Annual  Bepertsuf  Auditor  of  Bailrood  Accounts; 
Commissioner  of  Pensions;  Commiasioner  of  Patents; 
Superintendent  of  the  Census  ;  Architect  of  the  United 
States  Capitol;  Board  of  VisitorH  of  the  Government  Hos- 
pital for  the  Insane;  Columbia  Institntiou  for  the  Deaf 
and  Dumb;  Freedmeu's  Hospital  and  Asylum;  Colombia 
Hospital  for  Women  and  Lyiug-in  Asylum ;  governor  of 
Arizona;  survey or-fcenoral  of  Arizona;  Kovernor  of  Da- 
kota; governor  of  Idaho;  surveyot-generaT  of  Idaho;  gov- 
ernor of  Montana;  governor  of  New  Mexico;  govomur  of 
Utah;  goTcmorof  Washington  Territory;  aurvcyor-ganeml 
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BtattMTj  of  die  latarior,  aiuiDiiil  report  of  the — ConHnittil, 

itt  WaahingtaD  Territoij;  Hnrvefor-gendnl  of  Wjoming; 
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REPORT  OF  THE  CHIEF  OF  ORDNAKCE. 


Wab  Dbpabtheki,  Obdnance  Office, 

Waahintjton,  October  20, 1879. 
The  Hod.  SECEETiET  op  Wae: 

Sm :  I  have  the  honor  to  submit  the  following  report  of  the  principal 
operations  of  the  Ordnance  Department  during  the  fiscal  year  ended 
June  30, 1870,  with  BQch  remarks  and  reconunendationB  as  the  interests 
of  this  branch  of  the  military  service  seem  to  require. 

Under  the  various  laws  of  the  United  States,  the  Ordnance  Depart- 
meat  pro\'ides  arms  and  monitions  of  war  for  the  whole  military  eatab- 
li^ment,  and  has  charge  of  the  armories,  arsenals,  and  other  ordnance 
establishments  for  their  manufacture,  repairs,  and  storage.  Thus  at  the 
present  time  the  department  is  providing  ordnance  and  ordnance  stores 
fcff  the  sea-coast  forti&cations,  the  whole  body  of  the  militia,  the  Military 
Academy,  and  the  Artillery  School,  and  the  Begalar  Army,  in  the  mili- 
tary establishment,  and  to  the  Treasury,  Post-OfBce,  and  Interior  De- 
partments, and  the  Fish  Commission,  the  Marine  Corps,  and  the  thirty 
colleges  authorized  by  section  1223  Revised  Statutes.  In  addition  to 
this  work  it  is  charged  with  other  Important  duties  in  connection  there- 
with not  now  necessarj'  to  enumerate. 

The  fiscal  resources  and  expenditures  of  the  department  during  the 
year  were  as  follows,  viz: 
^onnt  in  tlie  Troasuij  to  the  credit  of  appropriatloos  on  Jane  30, 

ISJS $100,402  96 

Amomit  in  the  TreMiiry  not  reporte4  to  the  credit  of  appropriations  on 

Jiine30,  1878 19.034  96 

Amoant  iu  goTemment  depontorieB  to  the  credit  of  disbnraing  offlceiB 

and  others  on  June  30,  197B 1G1,134  78 

Amoant  of  appropriations  for  tho  service  of  the  fiscal  year  ended  June 

30,  1879 1,410,054  41 

AtDonQt  refunded  to  ordnance  appropriations  in  settling  accounts  dor- 

ing  the  fiscal  year  ended  June  ao,  1870 27,394  40 

GroM  uDoiint  received  doling  the  fiacal  year  ended  Jtme  30,  l;i79,  from 

taita  to  officers;  f>om  lents;  jrom  collectionH  from  troops  on  account 

of  losses  of,  or  damage  to,  ordnance  stores;  from  Chicago,  Rock  Isl- 

snd,  aod  Pacific  Hailioad  Company;  from  exchange  of  iiowder;  from 

■ales  of  condemned  stores ;  and  from  all  other  sources  not  before  men- 

tiooed 74,038  30 

Total 1,798,669  74 
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Amonnt  of  expenditnres  during  the  flacal  year  ended  Jnne  30,  1W9,  in- 
clndiog  erpcQsea  attending  galea  of  condemned  itoies,  ezcliange  of 
powder,  &o «1,44S,996  74 

Amount  deposited  in  the  Treoaarj  dnring  the  flecol  year  ended  June  30, 

1B79,  BH  proceeds  of  sales  of  goTeniment  property 9,144  71 

Amonnt  lapsed  in  the  Treasnry  from  the  appropriation  "Ordnance  ma- 
terial," under  act  of  Uarch  3, 1875,  during  the  fiscal  year  ended  Jnne 
30,1379 903  00 

Amount  transferred  from  ordnsnce  appropriations  in  settling  acconnte 
during  the  fiscal  year  ended  June  30,  1S79 . . 394  09 

Amount  turned  in  to  the  "surplus  fnnd"  on  Jnne  30, 1978,  and  Jnne  X, 
1879 33,149  87 

Amount  in  government  depoeitoriea  to  the  credit  of  disbursing  officers 
and  others  on  June  30,  1W9 77,845  25 

Amonnt  in  the  Treasury  not  reported  to  tlio  credit  of  appropriations  on 
Jnne  30, 1879 3,075  63 

Amonnt  in  the  Treasury  to  the  credit  of  appropriations  on  Jnne  30, 
1879 2a4,84(i  45 

Total 1,792,659  74 

BTATI0N8  AND   DITTIBS. 

"With  few  exceptions,  tlie  stations  and  dnties  of  the  officers  remain  the 
same  as  reported  last  year,  viz :  Two  at  the  Ordnance  Office;  thirty-four 
at  the  arsenals,  arinoiy,  and  powder  depots ;  eight  at  the  ordnance 
agency,  on  the  Ordnance  Board  and  at  the  foundries ;  seven  at  the  dif- 
ferent military  headqaarters  and  ordnance  depots ;  four  at  the  Military 
Academy^  two  under  the  orders  of  the  honorahle  Secretary  of  the 
Interior,  and  two  on  leave  of  absence  (sick).  Captains  C.  E.  Duttou 
and  Pitman  have,  on  application  of  the  Secretary  of  the  Interior,  been 
detailed  for  duty  in  that  department,  and  Lieutenant  Lyle  still  continues 
on  duty  in  the  Life-Saring  Service  under  the  Secretary  of  the  Treasury. 
Under  the  operations  of  existing  laws,  four  officers  have  been  transferred 
to  the  department  fi^m  the  line  of  the  Army,  after  pacing  satisfactory 
examinations  preliminary  thereto. 

During  the  past  year  death  has  taken  one  of  our  most  meritorioua 
officers — Lieutenant-Colonel  Treadwell.  To  abilities  of  nocommou  order, 
and  to  services  highly  distinguished,  he  added  a  pure  record  and  a 
kindly  nature,  and  his  loss  is  deplored  by  the  entire  department. 

All  of  the  officers  of  the  department  have  been  busily  engaged  on  the 
important  duties  devolved  upon  them  by  law,  and  the  results  of  some 
of  their  labors  are  shown  in  the  many  interestiug  and  valuable  papers 
appended. 

I  append  a  roster  of  the  corps,  with  tlie  stations  and  duties  of  eaeh 
officer. 

ARSENALS,  ARMORIES,  AND   DEPOTS. 

The  various  duties  at  our  ordnance  establishments  have  been  per- 
formed ui  a  most  satisfactory  way,  and  the  moneys  appropriated  for  re- 
pairs and  improvements  have,  it.  is  believed,  been  expended  in  an  eco- 
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nuiiiical  uid  jadicions  manner,  yet  in  most  instancea  the  money  available 
lias  been  of  so  small  an  amount  as  to  preclude  anything  but  the  most 
minor  work.  I  have  estimated  for  the  next  fiscal  year  for  sums  which 
I  consider  should  be  granted  to  enable  me  to  properly  preserve  and  pro- 
tect the  large  public  property  under  the  control  of  the  department. 

By  a  reference  to  the  report  of  the  operations  carried  on  at  the  Kock 
btaml  Arsenal  it  unll  be  se«n  that  the  constraction  of  the  new  buildings 
h&B  progressed  in  a  satisfactory  manner,  and  with  the  aid  of  the  new 
appropriatious  ashed  for,  the  woricshops  will  soon  be  in  s  condition  to 
receive  their  machinery  and  commence  manufacturing  to  meet  the  future 
vauts  of  the  country. 

The  orduanoe  deiwts  have  met  the  exi>ectations  of  this  office,  and 
have  proven  to  be  of  great  convenience  in  speedily  supplying  the  troops 
sening  in  the  field  against  the  hostile  Indians.  Ample  supplies  have 
been  collected  and  placed  under  the  immediate  control  of  the  military 
commanders  interested,  and  by  them  have  been  distributed  to  their 
oommands  as  occasion  has  demanded. 

An  officer  of  the  department  is  now  engaged  in  examining  the  various 
otex  offered  for  the  establishment  of  the  new  powder  depot  on  the  At- 
lantic coast,  and  it  is  presumed  that  he  will  soon  be  able  to  recommend  a 
HDitable  location,  when  steps  will  be  taken  to  secure  sufficient  land  for 
Che  erection  of  the  proper  magazines  and  other  buildings  for  the  storage 
and  handling  of  powder. 

I  beg  to  ask  the  especial  attention  of  the  Secretary  of  War  to  my 
tetimate  for  continuing  the  boring  of  the  artesian  well  at  the  Beniota 
AiNenal  to  a  depth  sufficient  to  determine  whetber  a  good  supply  of 
{■alatable  water  can  be  i>rocured.  The  well  has  now  reached  a  depth  of 
1,407  feet,  and  it  is  thought  proper  to  carry  it  down  600  feet  more.  A 
penisal  of  the  interesting  report  of  the  commanding  officer  of  that 
arsenal  (Appendix  L)  wUl  show  what  difficulties  have  been  enoouutered 
and  overcome  so  for,  and  what  may  be  expected  in  the  future  progress 
of  the  work.  The  many  artesian  wells  on  the  Pacific  coast  have  been 
(tf  a  depth  ouly  sufficient  to  reach  surface  water,  which  is  neither  con- 
stant in  quantity  nor  sufficient  in  supply.  Whether  at  a  depth  such  as 
ban  been  reachediootherquartersof  the  globe  a  full,  constant  suiiply  can 
be  obtained,  is  a  matter  that  deeply  concerns  the  manufacturing  and 
agricultural  interests  of  the  Pacific  coast,  and  1  trust  ^that  it  will  be 
deemed  of  sufficient  imi>ortance  to  strongly  reiH>mmeud  to  Congress  the 
diKiiability  of  a  proper  appropriation  to  demonstrate  its  success  or 
feilnre. 

A  recent  official  visit  to  the  Benicia  Arsenal  has  impressed  me  most 
forcibly  with  the  wants  of  that  national  establishment,  and  the  pi'essiug 
necessity  of  enlarging  and  perfecting  its  manufacturing  and  storing  facili- 
tics.  Under  the  careful,  economical,  and  intelligent  command  of  Lieu- 
teuaut-Colouel  McAllister  the  arsenal  has  been  establisbetl  on  a  satis- 
factory ba.sJs,  reflecting  great  credit  ou  his  executive  and  administrntive 
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capacity  and  professional  attauunents.  The  constantly  increasing  wants 
of  the  Pacific  coast  demand  the  fostering  care  on  the  part  of  Congress 
of  this,  the  only  mano&ctaring  establishment  owned  by  the  United 
States  in  that  region.  I  earnestly  recommend  liberal  appropriations  for 
that  areenal. 

I  have  renewed  my  estimate  for  an  appropriation  to  purchase  a  small 
tract  of  land  adjoining  the  San  Antonio  Arsenal.  It  is  absolutely  iudls- 
p^iBable  for  the  security  of  the  arsenal  buildings  and  the  public  prop- 
erty  stored  therein  that  the  government  should  own  this  property.  Its 
proximity  to  the  frontier  may  some  day  require  an  increase  to  its  caxmc- 
ity,  and  this  additional  ground  will  be  absolutely  necessary,  It«  poi- 
(diase  has  been  often  recommended,  and  the  recommendation  has  always 
received  a  favorable  hearing  in  the  Congress,  bat  so  far,  from  some  cause, 
&e  necessary  fimds  have  not  been  appropriated.  Executive  Docnment 
!N'o.  48,  House  of  Bepresentatives,  Forty-second  Gongresa,  third  session, 
fnUy  explains  the  necessity  of  its  early  acquirement. 

Since  my  last  report,  the  erection  of  a  building  at  the  proving  gronnd 
at  Sapdy  Hook,  N,  J.,  has  been  nearly  completed,  and  it  is  now  occn- 
pied  for  the  purpose  intended,  giving  good  accommodations  for  the  offi- 
cers and  others  interested  in  the  important  labors  at  all  times  in  pro- 
gress. During  the  present  fiscal  year  the  quarters  authorized  for  the 
snperintendent  of  the  grounds  will  be  completed,  and  the  work  of  grad- 
ing and  leveling  the  grounds,  so  far  as  the  limited  appropriation  will  per- 
mit, will  be  carried  on.  To  make  the  proving  ground  what  it  should  be 
requires  additional  facilities  for  the  storage  of  powder  and  other  ord- 
nance property,  and  for  the  accommodation  of  the  force  of  mechanics 
and  laborers  at  all  times  employed  there,  and  to  meet  those  requirements 
I  have  asked  for  certain  sums  of  money  to  be  expended  during  the  next 
fiBcal  year,  the  detailed  necessity  for  which  is  set  forth  in  the  Book  of 
Estimates,  and  to  which  I  beg  to  refer. 

ABMAMEKT  OF  F0BT1PICATI0N8. 

An  estimate  of  $950,000  for  this  purpose  has  been  submitted  for  the 
next  fiscal  year.  The  limited  appropriations  for  the  year  1878-'79  for 
sea-coast  armament  have  been  mainly  used  in  the  conversion  of  10-inch 
smooth-bores  into  8-inch  rifles,  and  the  provision  of  carriages  for  the 
same,  and  existing  contracts  are  now  rapidly  approaching  completion. 
In  my  report  of  1878,  I  stated  that — 

There  are  bat  tn'o  manufactnriug  ostablUlunonts  in  the  country  having  the  facililiea 
and  experience  necessary  for  the  conversion  of  guns  ou  the  plan  adopted.  These  are 
the  West  Point  Foundery,  Cold  Spring,  New  York,  and  the  South  Boston  Foondery, 
Mossaciiusetts,  both  of  nhich  have  done  foundery  work  for  the  government  since  the 
conunencement  of  the  century.  As  in  all  probability  we  will  have  to  depend  on  these 
establiBhaents  in  the  fntnre,  the  deportment  ought  to  bo  in  condition  to  keep  tbcm  in 
sufficient  orders  to  preserve  the  plant  and  niechonicol  skill  irithont  loss  to  the  com- 
panies. 


,      „.ed  by  Google 
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And  added— 

ImapectiTe,  liowever,  of  an;  consideration  of  persons  or  proQt  the  pKsetit  tugent 
•Kiata  of  our  forts  for  armament,  and  the  impossibility  of  snpplyiag  it  except  by  a  slow 
tnd  cuefdl  prooeM  incompatible  with  the  rush  of  evoiita  iu  impending  war,  the  economy 
of  woriung  at  present  prices,  besides  giving  the  idle  mechanic  the  privilege  of  labot- 
LDg  for  hU  bread,  all  appeal  to  Congress  for  a  largo  permaoent  anunal  appropriation 
for  this  national  necessity. 

Hy  coQvictioDB  as  to  tbe  soaudneaa  of  the  i>o1icy  of  extending  gov- 
emmeutal  support  to,  and  tlierebj  actnally  keeping  in  existence,  the 
only  eatablishmeots  in  the  country  organized  and  fitted  to  fabricate 
ieavy  ordnance,  are  deepened  by  a  fiiUer  consciousness  of  how  ioade- 
qnately  we  are  provided  in  this  respect  for  even  common  emergencies. 
This,  taken  in  connection  with  the  foct  that  our  present  sea^wast  arma- 
menta  (principally  composed  of  smooth-bores)  are  almost  useless  for 
coping  with  theheavy  artillery  of  the  present,  leads  me  again  to  urgently 
Rcommend  that  Congress  be  asked  to  consider  the  granting  of  liberal 
appropriations  for  our  national  defenses,  as  a  matter  of  the  first  im- 
portance. 

The  alterations  of  casemate  carriages  for  8-inch  converted  rifles  have 
progressed  satisfactorily  during  the  past  year,  the  product  enabling  ns 
to  provide  for  the  guns  which  have  been  so  far  converted,  and  now 
available  for  mounting  by  the  department.  In  consequence,  seventy-flve 
*4nch  riSes  ordered  fur  distribution  now  occupy  their  emplacements  in 
the  forts,  or  will  shortly  be  in  their  positions ;  and,  althongh  the  num- 
ber is  small  and  tlie  guns  of  iuade()iiato  power  for  the  more  important 
positions  (now  occupied  principally  by  smooth-bore  guns),  yet  they  pro- 
vide powerful  batteries  for  our  existing  casemates  of  contracted  dimen- 
sions, and  hence  the  conversion  of  10-inch  smootli-bores  should  be  con- 
tinued as  rapidly  as  fnnds  for  the  purpose  are  provide<l. 

In  this  connection,  however,  it  is  to  l>e  remarked  that  the  provision  of 
gaas  of  much  higher  powers  is  a  first  necessity,  and  that  the  expendi- 
tnres  of  moneys  looking  to  the  provision  of  the  latter  should,  if  practi- 
eable,  take  precedence  iu  the  use  of  funds  over  all  other  coustruetions. 

In  Gonseqaence  of  these  views,  the  conversion  of  a  lu-iuch  smooth- 
bore into  an  Il-inch  rifle — referred  to  in  my  report  of  last  year — was 
Budertaken,  and  tbe  gnn  is  now  on  the  gronnds  at  Sandy  Hook  under- 
going its  proof.  It  has  been  flred  up  to  date  only  33  rounds,  and  with 
charges  varying  from  70  to  86  pounds,  and  shot  weighing  fiom  503  to 
5W  pounds.  The  trials  are  too  few,  of  course,  to  draw  any  inferences  aa 
to  its  Qltimate  endorance ;  but  it  may  be  stated  that  the  gun  appears, 
BO  for,  to  be  aoand  in  all  respects.  Its  test  will  he  pushed  forward  to 
a  completion  as  rapidly  as  the  circumstances  attending  the  proof  will 
admit. 

Tlie  want  of  means,  and  the  introducing  of  some  changes  in  tbe  trav- 
erse gear  of  the  chassis  of  the  carriage  of  the  13-inch  rifle,  have  led 
to  a  suspension  of  the  trials  with  this  gun. 

The  10-inch  rifle,  also,  has  only  been  fired  a  few  rounds  since  the  laat 
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report,  it  being  Uionght  more  important  to  apply  our  available  means  to 
the  t«8t  of  the  ll-iiich  constructioB ;  also  to  retain  it,  for  the  present, 
for  use  in  the  important  duty  of  testing  diluent  experimeatal  i>owders 
and  projectiles. 

The  important  t«sts  of  the  8-inch  breech-loading  rifle,  converted  ftom 
a  10-inch  smooth-bore  gun,  and  mentioned  as  completed  and  under  proof, 
in  my  last  report,  are  still  in  progress,  and  up  to  date  202  rounds  (190 
with  fiill  battering  charges]  have  been  successfully  completed.  The 
endurance  so  far  has  proved  satisfactory,  and  no  evidences  of  want  of 
endurauce  io  its  special  construction  have  been  so  far  affordedj  and.  we 
have  good  grouiuls  for  the  opinion  that  it  will  stand  its  thorough  proof, 
and  establish  the  tact  that  we  can  convert,  after  this  system,  our  orig- 
inal smooth-bore  cast-iron  guns  into  breech-loaders,  or  produce  original 
breech-loading  cannon  of  the  heaviest  construction,  using  in  a  short 
time  wholly  the  products  of  our  oicn  founderies  and  other  manufactur- 
ing establishments, 

In  my  report  of  1870  I  alluded  to  the  decided  advantages  to  be  de- 
rived from  the  use  of  breech-loading  rifies,  especLiIly  in  casemated 
works.  Since  then  the  unfortunate  disaster  on  board  of  the  "Thun- 
derer" (the  bursting  of  a  3S-ton  M.  L.  gun  by  the  accidental  insertion 
of  two  charges — impossible  to  occur  in  breech-loaders)  and  the  unex- 
celled results  (in  power,  accuracy,  and  successful  manipulation)  recently 
attained  at  Meppeu  by  Herr  Knipp  in  the  trials  of  his  breech-loading 
guns  of  70  and  18  tons,  have  led  to  the  conviction  that  it  is  highly 
pi-obable  that  the  general  intix>duction  of  breech-loatling  instead  of  muz- 
zle-loading cannon  in  the  armaments  of  Europe— for  all  heavy  ord- 
nance especially — is  a  mere  matter  of  time.  In  fact,  the  high  charges  now 
employed — requiring  long  and  large  chambers,  and,  as  a  sequence  to 
their  use,  great  lengths  of  bores,  so  increases  the  cumbersomeness  and 
inconveniences  of  the  loading  apparatus  required  for  muzzle-IoaderH 
(besides  resulting  in  exposure  to  peraonttel  and  materiel)  that  it  is 
believed  it  will  be  decidedly  difficult,  if  not  almost  impracticable,  to 
operate  muzzle-loaders  constructed  after  the  rnore  recent  modeU  with 
desirable  convenience  and  safety. 

These  facts  have  not  been  lost  on  the  department,  and  plans  are  now 
in  its  possession  looking  to  the  prompt  application  of  the  principles  of 
chambering  and  breech-loading  to  our  present  guns,  and  to  new  con- 
Btructiona,  whenever  favorable  action  on  the  part  of  Congress  will  en- 
able us  to  undertake  the  introduction  into  our  service  of  these  recent 
and  most  important  and  decided  improvements. 

CItamberetl  rifles. — The  decided  advantages  resulting  from  the  intro- 
duction of  chambers,  with  increased  lengths  of  bores,  for  the  employment 
of  heavy  charges,  have  been  demonstrated  by  testing  a  3-inch  rifle 
chambered  and  lengthened. 

This  gun  was  selected,  as  it  enabled  the  department,  in  a  prompt  and 
inexi>enBive  manner,  to  test  these  novel  features.    The  results,  as  shown 
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l»y  Xbe  record,  weiti  bighly  satisfeetory,  and  eqaaliug  tliose  obtained 
abroad.  An  initial  velocity  of  ^,025  feet  iraa  reached  by  the  use  of  5 
iwimds  13  oances  of  powder  with  10.o  pound  projectile,  the  pressures 
only  being  30,000  pounds  per  square  iuch. 

The  highest  velocity  yet  attained  with  the  ordinary  3-incb  rifle  is, 
ffith  the  highest  charge  practicable,  3  pounds  of  powder  with  10.5 
pound  projectile,  1 ,558  feet,  with  a  pressure  of  30,333  pounds  per  square 
inch. 

The  importance  of  chuigins:  our  rifling  to  a  more  rapid  twist,  if  found 
by  experiments  to  be  practicable,  has  been  recognized  iov  some  time  by 
the  departraeot,  and  a  3-inch  rifle  with  a  shorter  twist  than  found  in  the 
Aervice  guu  has  been  prepared  ami  is  now  andOT  trial  with  varying 
v«ght8  and  lengths  of  projectiles. 

It  is  believed  that  the  results  will  be  valuable  in  practically  demon- 
strating  the  increased  capacity  and  power  from  the  use  of  a  shorter 
tirist,  and  that  they  will  show  the  advisability  of  using  a  more  rapid 
twist  in  OUT  heavy  calibers. 

Breeek'loading  field  rifle. — A  wroHght-iron  field  gun  was,  on  i>laus 
recomiueude<l  by  Lieutenant-Colonel  Crispin,  constructor  of  ordnance, 
converted,  at  small  expense,  into  a  breech-loading  rifle.  The  results  of 
its  trial  have  been  vwy  satisfactory,  and  the  Ordnance  Board  recom- 
mends that  a  battery  of  these  be  made  for  issue  to  the  service  for  com- 
petitive trials  with  the  muzzle-loaders.  As  this  experiment  can  be  made 
at  trifling  expense  by  converting  guns  on  hand,  and  enable  us  to  get 
an  expression  of  opinion  from  artillery  officers  as  to  the  relative  merits 
of  mazzle  and  breech-loaders  for  service,  the  recommendation,  if  it 
meets  your  approval,  vrill  be  carried  oat  at  the  earliest  practicable 
moment. 

Powder  tetU. — ^Daring  the  past  year  tests  have  been  made  of  a  variety 
ofsuupiesof  ezperimuital  powders  for  the  11-iucb,  8-inch,  4.5-ineh,  and 
3-iDch  rifles,  and  the  resnits  obtained  are  summarized  and  appended  to 
the  firii^  reewds  of  those  several  guns. 

These  experiments,  though  not  yet  completed,  ondoabtedly  indicate 
progress  in  the  right  direction ;  and  it  is  confldentiy  believed  that  ere 
long  we  will  be  enabled  to  procnre  powders  which  will  give  in  these 
several  gnns  about  the  initial  velocity  desired,  with  moderate  and  safe 
pressures.  In  this  connection,  it  may  be  said  that  great  credit  is  due 
UessTS.  Da  Pont  &  Co.  for  the  intelligent  manner  in  which  they  have 
interpreted  the  results  of  the  experiments  and  promptly  met  the  wants 
of  the  department  in  furnishing  samples. 

Experimental  jjrwM.— Under  the  act  of  Congress  approved  June  6, 1872, 
appropriating  funds  for  the  procurement  and  tests  of  cxiwrimental  rifled 
oiduauce  of  heavy  calibers  (to  be  selected  by  a  board  of  officers  of  the 
United  States  Army  to  be  appointed  by  the  honorable  Secretary  of 
War),  the  department,  under  the  authority  of  law,  has  procunnl,  amongst 
others,  several  guns  which  are  now  on  hand  at  the  proving-ground  at 
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Sandy  Hook  awaiting  trial.  These  gam  are  the  Woodbridge  10-inch 
rifle,  the  Thompson  12-iDch  breech-loading  rifle,  the  Sntcliffe  9-inch 
breech-loading  rifle,  the  Ljman  multicharge  gon,  and  the  Maim  8-inch 
breech -loading  rifle. 

The  Woodbridge  gnn  has  been  Aied  ten  ronnds ;  the  Thompson  two 
roonds ;  the  Sntclifle  twenty-six  nmnda ;  the  Mann  eleven  ronnds,  and 
the  Multicharge  gun  three  ronnds. 

The  extent  of  the  tests  so  far  made  are  meager  in  the  extreme,  and  no 
evidence  of  any  special  importance  of  the  merite  of  any  one  of  these  ex- 
perimental guns'  has  consequently  been  obtained.  They  have  been  in 
the  possession  of  the  department,  awaiting  trial,  for  three  or  four  years, 
but  want  of  funds  to  undertake  what  may  be  regarded  as  a  suitable 
proof  has  prevented  the  prosecution  of  the  work.  They  were  selected 
by  a  board  of  officers  after  careful  investigation  as  to  their  presumed 
merits  as  systems  of  construction  (both  breech  and  muzzle-loaders),  and 
have  been  procnred  at  considerable  expense  to  the  government 

In  ^^ew  of  the  facts  that  they  were  provided  for  experiments  and  tests, 
and  that  none  have  so  far  been  made  to  any  extent,  and,  in  view  of  the 
developments  to  be  expected  regarding  the  numerous  questions  involved 
in  gun  couatructions,  both  mazzle-Ioadiog  and  breech-loading,  the  in- 
teresting and  important  developments  to  be  made  in  the  fdrtherance  of 
the  solution  of  the  ballistis  questions  now  occupying  the  attention  of  the 
civilized  world,  and  improvements  to  be  develojied  in  powders,  projec- 
tiles, and  systems  of  rifling,  &c.,  some  measures  looking  to  the  trial  of 
these  guns,  and  as  contemplated  by  law  of  June  6, 1872,  and  to  fiilly 
test  these  different  inventions  (recommended  by  the  board  organized 
under  the  act),  should  be  instituted  by  the  department.  I  have  accord- 
ingly estimated  for  $117,000,  which,  if  appropriated,  will  enable  me  to 
have  the  merits  of  these  different  systems  fully  determined. 

Machine  guna. — The  only  tests  under  this  head  during  the  current 
year  have  been  those  incident  to  the  trial  of  a  flank  defense  carriage 
adapted  for  the  service  of  the  flank  defense  Hotchkiss  revolving  cannon. 

The  necessity  of  a  practical  carriage  for  use  with  this  gun  was  apparent 
to  the  department,  and  a  carriage  devised  by  the  constnictor  of  onl- 
nance  has  been  tested  with  satisfactory  results,  and  recommende<l  for 
adoption  by  the  Ordnance  Board. 


Under  the  Clonstitution,  "Congress  shall  have  power" — 

To  proviile  for  calling  forth  the  militia  to  execute  the  laws  of  the  Union,  rappreiu 
insiuTCctioiiB  and  lepel  invasions. 

Topn)vi<lefDrorgniiizing,arming,  and  (lixcipliuiDg  the  militia,  andfor  governing  sncb 
jMtrt  of  tliem  aa  may  be  employed  in  the  service  of  the  United  Staten,  reserving  to  the 
States,  respectively,  the  appointment  of  the  offlcers,  and  the  anthority  of  training  the 
militia  according  to  the  diseipUue  prescribed  by  Cougreas. 

To  malie  all  laws  ivhich  shall  be  necessary  and  proper  for  carrying  into  execution 
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Ihe  tongqinf^  poireTB,  Imd  ftll  other  powers  vested  l>y  tbl>  Conslitation  in  the  OoTem- 
neot  of  the  Uiiited  SUt«e,  or  in  auy  deportment  or  officer  thereof. 

\'a  State  shall,  withoiit  the  ronseut  of  CoagreBS,  ■  •  •  y^eep  troops,  or  ships  of 
wv  in  time  of  pence,  *  '  *  or  engage  in  war,  aniess  EtctnaUy  invaded,  or  in  snch 
idininent  danger  aa  will  not  odniit  of  delay. 

For  many  years  there  has  been  a  growing  feeling  throughout  the 
coontry  in  fovor  of  a  reorganization  of  onr  militia  system.  To  perfect 
oar  present  organization,  or  to  improve  it  by  alteration,  requires  the 
action  of  Congress.  That  Congress  has  full  power  to  provide  for  organ- 
king  the  militia  in  time  of  peace,  under  the  above-quoted  provisions  of 
the  Constitution,  there  can  be  no  doubt,  and  Congress  has  exercised 
this  power  in  the  obsolete  and  meager  laws  now  on  our  statute-books ; 
bat  there  has  been  no  practical  means  provided  for  enforcing  obedience  - 
to  these  laws.  Everytliing  is  left  to  the  discretion  of  the  individual 
States.  A  few  of  the  States  have  smaU  bat  well-regulated  bodies  of 
troops,  while  others  have  none,  or,  if  any,  undisciplined,  ununiformed 
and  indifferently  eqaipi>ed.  It  seems  to  me  that  the  time  has  come 
when  the  subject  of  raising,  arming,  and  equipping,  disciplining,  and 
teeping  iu  readiness  for  service  a  part  of  onr  militia,  should  receive  the 
thonghtM  attention  of  Congress. 

That  a  portion  of  the  militia  should  in  a  sense  be  mobilized  requires 
no  argament,  and  this  active  portion  should  be  distributed  equally 
thronghont  the  country  according  to  population. 

By  establishing  the  i»rinciple  by  legal  enactment,  that  Congress  will 
help  only  those  who  help  themselves,  and  providing  that  amis  and 
equipment's  will  not  be  issued  to  a  State  except  in  proportion  to  its  prop- 
erly enrolled  and  organized  active  militia,  and  that  a  per  diem  for  camp 
services  shall  be  paid  to  those  individuals  only  who  are  present  in 
camp,  and  only  for  the  days  that  they  are  i>resent  and  actually  employed, 
Ihe  States  and  people  may  be  brought  to  a  realizing  sense  of  the  neces- 
sity for  prompt  and  permanent  action  in  a  matterso  vital  to  the  military 
power  of  the  nation.  The  general  government,  under  the  law  of  1808, 
now  supplies  arms  and  equipments  to  the  militia  of  the  States,  and 
there  is  no  reason  why  their  issue  should  not  be  made  dependent  on 
acts  to  be  performed  by  the  States,  such  as  the  organization  and  disci- 
pUne  of  a  certain  portion  of  the  militia. 

I  have,  therefore,  to  recommend  that  provision  be  made  by  law  for 
organizing,  armuig,  and  disciplining  a  militia  force  of  two  himdred 
thousand  men,  distributed  among  the  States  in  the  proportion  of  about 
seven  hundred  men  to  each  Congressional  district  and  Territory,  and 
the  District  of  Columbia. 

To  make  this  practicable  will  require  large  SDnaal  appropriations, 
appropriations  that  must  be  permanent,  at  least  for  a  few  years,  to  give 
a  trial  to  the  scheme. 

In  the  first  place,  there  should  be  an  annual  appropriation  of  $1,000,000- 
for  arms  and  equipments,  which  would  give  abont  $3,000  for  the  troopa 
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in  each  Congreasional  district.  The  necessity  for  this  increase  of  the 
Einiiual  appro{)riation  for  anoing  and  eqnippiug  the  militia  is  so  well 
uiideratood  and  appreciated,  has  been  so  often  referred  to  at  length  in 
official  reports  from  this  office  and  the  War  Department,  that  no  lengthy 
discussion  is  called  for. 

The  aggregate  strength  of  the  militia  of  the  United  States,  as  taken 
from  the  last  Army  Register,  is  as  follows : 

OiganUed 113,873 

DnorEanizetl 3,ffija,  114 

and  only  $200,000  is  annnally  appropriated  for  their  arms  and  equip- 
ments. With  onr  small  standing  army,  the  country  must  recruit  its  fight- 
ing force  from  the  people  on  the  instant  upon  the  breaking  out  of  var. 
The  soldiers  who  fought  our  recent  battles  will  soon  pass  from  the  scene, 
or  become  too  old  for  active  ser\'ice,  and  most  of  the  experience  of  the 
Trar  will  be  lost  to  the  country,  with  the  actors  in  their  graves.  Half  a 
generation  has  passed  away  since  the  close  of  that  mighty  struggle.  In 
a  very  few  years  dependence  will  have  to  be  placed  on  tlie  raw  recruit; 
and  while  the  experience  of  the  bivouac  and  battle  cannot  bo  acquired 
in  peaceandin  the  <iuiet  avocations  of  ordinary  lite,  much  can  be  effected 
by  placiug  in  the  hands  of  the  young  men  the  arms  they  may  have  to  use 
in  war,  and  encouraging  that  military  spirit  which  alone  can  make  ma- 
terial for  soldiers.  The  distribution  of  arms  to  the  militia  is  a  vital 
element  in  this  regard,  and  the  want  of  a  large  standing  army  must 
be  compensated  by  a  well-organized,  well-armed,  and  well-disciplined 
militia. 

In  the  second  place,  there  should  be  an  annual  appropriation  of 
$4,000,000  for  the  expenses  of  an  annual  encampment — the  payment  to 
each  militiaman  a  per  diem  for  each  day's  ser%'ice  while  actually  in 
camp,  &c.  In  this  manner  the  benefits  to  be  derived  from  this  appro- 
priation would  be  strictly  confined  to  those  States  and  to  those  individ- 
uals complying  with  the  requirements  of  the  general  government. 

The  laws  upon  onr  statutfi-books  need  a  thorough  revision,  after  a 
calm  and  most  careful  consideration  of  all  the  various  elements  that 
enter  as  factors.  The  supervision  and  control  to  be  exercised  by  the 
general  government  must  be  fully  and  definitely  set  forth,  as  definitely 
and  concisely  for  a  time  of  peace  as  for  a  time  of  war,  and  this  degree 
of  supervision  once  determined  should  be  fixed  by  such  enactments  as 
will  secure  the  most  beneficial  results  to  the  United  States,  the  States, 
and  the  militiamen.  All  are  interested  in  this,  in  different  degrees,  per- 
haps, but  none  more  so  than  the  citizen,  who  may,  at  a  moment's  notice, 
be  called  upon  to  assume  the  functions  of  a  soldier.  I  may  be  pardoned 
for  suggesting,  in  a  few  general  I'emarhs,  what  I  consider  primarily  nec- 
essary legislation. 

Ist.  A  permanent  annual  appropriation  of  one  million  dollars  for 
arming  and  eq^uii>ping  the  militia,  organized  as  proposed. 

2d.  A  jiermanent  annual  appropriation  of  four  million  dollars  for  a 
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per  diem  of  one  dollar  per  man  per  day,  for  every  day  he  is  present  and 
at  dnty  at  the  encampment.  The  encampment  to  continne  twent}'  day* 
in  each  Tear. 

lA.  The  militia  should  be  wraaed  and  iwovided  witli  the  same  mnoi- 
tiong  of  war  as  ia  the  BegnlaF  Anny,  so  far  as  the  stopes  furoished  by 
the  United  8toteH  are  ooneemed.  Thenecessity  of  this  is  ob^oue  to  all, 
bat  to  none  more  so  than  to  the  veterans  of  the  late  war  on  both  sides. 
It  should  be  uuderstood  by  the  States  and  the  militJamen  that  the  arms 
aod  eqnipmentfi  furnished  to  them  do  not  cease  to  be  the  proi>erty  of 
the  United  States,  and  they  should  be  properly  accounted  for  to  the 
Chief  of  Ordnance  U.  9.  Army  in  a  manner  similar  to  that  iu  vogae  in  the 
fiegnlar  Army;  and,  being  the  property  of  the  United  States,  the  gen* 
era]  govonment  should  make  the  necessary  repairs,  and  should  with- 
draw them  when  vom  out  or  obsolete,  supplying  those  of  later  patterns, 
thus  keeping  the  armament  in  a  continual  state  of  etBciency. 

«h.  There  should  be  a  well-devised  system  of  inspection  instituted 
Sfld  administered  by  the  War  Department,  witbont  which  the  efficiency 
of  the  militia  establishment  can  never  be  known  nor  ever  be  improved, 
to  do  this  the  most  competent  men  should  be  selected  as  inspectors, 
dothed  with  high  rank,  certainly  not  less  than  that  of  colonel,  and  in- 
vested with  the  powers  that  now  appertain  to  inspectors  in  the  Regular 
Army.  They  should  be  sufficient  in  numbers  to  make  an  annual  inspec- 
tion of  the  militia  of  each  State  and  Territory,  reporting,  in  detail,  the 
lesnit  to  the  Secretary  of  War,  and  a  copy  thereof  to  tbe  governor  of 
the  State  or  Territory  interested.  Some  of  these  inspectors  should  be 
t&ken  &om  the  Begnlar  Army,  but  the  minority  &om  the  competent 
officers  of  the  late  war  who  served  on  either  side,  and  this  corps  of  in- 
spectors might  well  be  clothed  with  power,  under  the  Secretary  of  War, 
tfl  make  snch  general  regulations  as  are  necessary  to  an  uniform  dress, 
drill,  and  discipline  throughout  the  whole  body  of  our  citizen  soldiery. 

5th.  Each  State  should  be  obliged  to  maintain  one  or  more  suitable 
nfle-ranges,  and  perhaps  to  offer  suitable  prizes  to  incite  a  proper  emula- 
doo  in  target  practice,  and  there  should  be  an  ofBcw  of  high  rank  in 
the  militia  of  each  State  or  Territory  who  should  be  in  charge  of  such 
practice. 

6tfa.  When  the  exigencies  of  the  regular  service  will  permit,  officers  of 
tlie  Begular  Army  should  be  allowed  to  accept  commissions  in  the  militia, 
without  detriment  to  their  regular  commissions,  ui>on  the  application  of 
the  governors,  and  for  such  times  as  may  be  determinetl  ui>on. 

Tth.  One  of  the  most  valuable  means  of  increasing  the  efficiency  of  the 
militia  is  by  tbe  dissemination  of  knowledge  through  a  military  educn- 
tioii  of  tbe  youth  of  the  country.  To  a  certain  extent  this  baa  been  pro- 
vided for  by  United  States  laws;  but  tbe  laws,  as  they  stand,  can  be 
improved,  and  a  system  which  is  undoubtedly  good,  so  far  as  it  goes,  be 
made  one  tliat  in  a  few  years  will  furnish  a  large  nnmber  of  well-e<lu- 
tated  soldiers,  capable  of  entering  ujion  commands  and  snccossfidly 
administering  them. 


.oogic 
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Section  1325  Eevised  Statntea,  as  amended  by  act  of  July  5,  1876, 
authorizes  the  issae  of  arms,  artalleiy,  &c.,  to  colleges  where  an  officer 
of  the  Regular  Army  has  been  detailed,  the  Qumber  not  to  exceed  thirty, 
&c.  This  lav  calls  for  material  modiflcationB.  There  should  be  more 
permanency  in  the  detail  and  in  the  institntion  that  is  to  receive  tbeee 
benefits.  A  college  that  is  to  be  provided  with  an  officer  and  arms 
shonld  be  specially  detifftiated  by  the  legislatttre  of  the  State  interetted,  and 
service  at  a  college  onght  not  to  be  optional,  but  be  considered  a  mili- 
tary duty  to  which  aU  officers  are  liable.  Oovemmental  snpervision 
and  inspection  of  these  colleges  as  regards  military  training,  discipline, 
and  study,  should  be  a  condition  attached  to  the  acceptance  of  the  lib- 
erality of  the  general  government.  The  providing  of  officers  and  arms 
makes  these  colleges,  in  a  sense,  a  portion,  and  a  very  important  por- 
tion, of  the  military  establishment,  because  of  the  direct  influence  they 
must  exercise  over  the  efficiency  of  the  militia,  supplying,  as  they  will 
from  year  to  year,  a  number  of  compet«ut  instrnctors  in  all  that  is  neces- 
sary to  make  men  good  soldiers. 

By  liberal  appropriations  and  some  such  provisions  of  law,  strictly 
eiyoined  and  enforced,  an  active  militia  of  200,000  men  could  be  kept  in 
hand  as  a  reserve  force  ready  for  any  emergency,  either  domestic  or  for- 
eign. While  taking  them  from  their  daily  avocations  for  a  very  limited 
period  during  their  annual  encampment,  the  daily  allowance,  though 
small,  would  partially  compensate  them  for  loss  and  time.  It  would  give 
us  a  large  force,  supplementing  our  small  Begular  Army,  always  at  call, 
and  representing  every  portion  of  the  eoimtry  and  every  cbaracteristie 
of  our  varied  nationalitj'.  It  wonld  instil  a  military  spirit  throughout 
the  country  and  keep  alive  the  traditions  of  the  past 

National  Beaerxe. — The  proper  organization  for  an  armed  force  in  time 
of  peace  is  its  organization  for  war.  A  simple  expansion  can  be  readily 
made  on  the  eve  of  a  conflict,  but  a  novel  organization  at  such  an  epoch 
Is  fraught  with  disaster.  Oiir  experience  as  a  nation  clearly  shows  that, 
not  on  the  militia  but  on  our  volunteers  has  the  country  depended  in 
years  of  trial.  Would  it  not  be  wise  in  any  legislation  for  the  establish- 
ment of  this  force  to  which  reference  is  made,  to  break  loose  from  the 
theories  of  the  past,  and  empower  the  President  in  time  of  peace  to 
organize  a  NatUmal  Reserve,  under  the  constitutional  power  "  to  raise  and 
support  armies,^  on  the  plan  indicated  abovet  Should  not  State  rights 
and  prejudices  yield  to  the  necessities  that  our  wars  have  proved  to  be 
imperativef  It  would  be  only  extending  into  a  national  condition  what 
is  successfully  practised  in  some  of  the  States,  where  unifonned  volun- 
teer organizations  take  the  place  of  the  ordinary  militia.  While  admit- 
ting that  the  subject  is  environed  by  conflicting  views  of  constitutional 
questions,  and  by  the  powerful  influences  of  sectional  and  individual 
prejudices,  I  am  satisfied  that  the  laws  could  be  so  framed  as  to  guard 
all  individual  and  State  rights  from  Executive  edcroachments.  The 
force  could  by  law  be  localized  in  proportion  to  popalation,  camped  out 
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for  a  limited  period  annually  in  tlieir  respective  localities,  and  be  paid 
ont  of  the  public  treasury.  In  the  interest  of  the  public  good  and  the 
[HiUic  safety,  the  subject  deserves  the  careful  consideration  of  Congress. 

The  act  approved  March  3,  1875,  provides  that,  under  certain  coiidi-  . 
dons,  credits  are  to  be  given  to  the  several  States  and  Territories  for  the 
nuns  charged  to  them  resjiectively  for  arms,  &c.,  which  were  issued  to 
diem  between  Jannarj'  1, 1861,  and  April  9, 1865,  and  charged  against 
tlioir  quotas  under  the  law  for  arming  and  equipping  the  militia.  It  is 
made  the  duty  of  the  Secretary  of  War  to  refuse  a  credit  "if  he  shall 
fiod  that  any  of  said  arms  or  ordnance  stores  have  been  sold,"  &c.  At 
the  close  of  tbe  war  some  of  the  States,  through  inadvertence,  or  a  wrong 
interpretation  of  the  laws  relating  thereto,  sold  portions  of  the  arms,  &c., 
in  tlieir  possession,  realizing  but  a  portion  of  the  values  charged  against 
Uiem  on  the  books  of  this  ofBce.  The  arms  ought  not,  in  my  opinion,  to 
have  been  charged  to  the  States  on  their  qnotas,  hut  should  have  been 
acconnted  for  as  issues  to  the  Array,  and  the  loss  of  values  should  have 
felleu  on  tbe  United  States.  In  ray  opinion  these  charges  against  indi- 
viiliial  States  ought  to  be  removed,  and  tliat  the  spirit  of  the  law  of 
ISTJ  be  extended,  so  as  to  permit  credits  to  be  given  States  for  the 
diSerence  between  the  prices  charged  and  the  prices  realized  from  sale. 
1  respectfully  recommend  a  modification  of  the  act  of  JLirch  3, 1875,  in 
lhi»  regard. 

aMAIi-ARMS. 

Dnring  the  last  fiscal  year  there  were  manufactured  at  the  National  Ar- 
uiory  20,005  Springfield  rifles,  and  under  the  law  authorizing  it,  1 ,000  of 
lh«  experimental  Hotchkiss  magazine  rifics.  The  former  have  been  pro- 
duced at  a  much  less  cost  than  heretofore,  owing  to  tbe  increased  num- 
ler  manufactured  and  the  improvement  of  the  plant  employed,  and  as 
ibere  is  now  available  a  larger  appropriation  than  usual  for  the  present 
year,  it  is  confidently  expected  that  the  cost  will  yet  be  further  reduced 
in  the  future.  We  had  in  store  on  July  1, 1879,  only  22,073  rifles  and 
0,400  carbines  at  the  armory  and  arsenals,  a  wretchedly  small  number 
considering  the  wants  of  the  present  and  the  calls  that  may  be  made  in 
tlie  future. 

The  Hotcbkiss  arms  are  now  in  the  hands  of  the  Regular  Army  for 
trial  in  actual  service,  and  upon  tbe  reports  to  be  ma<le  bi-monthly  will 
depend  any  recommendations  for  the  supply  to  be  hereafter  raanu&ctured. 
But  whether  this  magazine  gun  is  to  be  the  arm  of  the  future  or  not,  it 
is  not  safe  to  dday  providing  an  ample  supply  of  the  Springfield  rifles, 
iuid  for  that  purpose  I  have  asked  for  the  next  fiscal  year  an  appropria- 
tion of  tOOO.OOO,  which  amount  should  be  given  in  the  interests  of  econ- 
luy  and  for  the  national  defense.  Last  year  iit  my  annual  report  I  had 
tlie  honor  to  remark  upon  this  matter  as  follows,  viz : 

Tht  necewity  for  an  accumalation  of  aniu  of  the  latcHt  pnttt-rn  has  beeu  so  often 
■liwDwed,  fasflreceired  snch  practical  application  on  tbei>art  of  otlier  couutrieii,  that  a 
fulkier  refereuce  to  it  in  this  report  would  be  a  work  of  supererogation.    Tlit:  niatal 
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effect  of  ft  large  supply  of  unu  in  nwdinees  for  nse  U  always  entirely  diangatded  in 
the  disciuaioii  oftheHul^ect.  Tobe  prepared forimmeclifttelioatiUtiesisaqiiiet  power, 
which  moHt  enter  largely  as  an  iiiii)ortant  factor  iii  the  detenoioatioD  of  ioternatinnsl 
qnestionB  that  may  ormaynotlendtowar,  aiid,  aasiich  iwwer,  itis  worth  all  thtr  money 
expended  in  ita  prodnction.  The  BTgnment  to  frp(|nently  nanl,  that  the  guD  of  to-day 
will  proliabty  be  Bnperaeded  by  a  enperior  invention  a  few  yean  hence,  and  tlie  expenBe 
<tf  to-day  be  money  thrown  away,  might  lie  used  n'ith  eqnal  force  and  pertinence  re- 
specting any  article  of  manufacture  whatever.  But  the  present  approved  ami  cannot 
be  renderoi  worthless  by  the  introduction  of  an  iinprovcil  weapon,  because  as  long  aa 
small-nnne  are  fired  from  the  shonldir  and  the  propelling  force  is  gunpowder,  the  cali- 
ber of  gun  and  dimensions  of  cartridge,  now  regalation,  will  not  be  changed,  and  the 
improvement  will  only  consist  in  more  rapid  manipulation  aail  increase<l  rapidity  of  flin. 
As  a  case  exactly  in  point,  the  BoanloaMagazineGuns  baa  recommended  a  gun  for  trial 
in  the  hands  of  troo]w  that  if  au  imjirovcnieiit  on  the  preseut  Spriugfldil  anu  only  iu 
its  ability  tuemply  its  magazine  of  cartrid;;cv  in  nuc-half  the  time  that  the  Haiiio  num- 
ber of  shots  ponld  be  firc<l  l.y  tlie  latter.  Uscil  as  an  ordinary  broccli  loader,  its  ad- 
Tantages,  if  any,  are  not  material  or  worth  consideration,  and  yet  Its  oae  as  ft  single 
breech-loader  will  be  its  normal  conilition,  the  increased  rapidity  of  the  magazine- 
feeding  being  re«er\'ed  for  great  emergencies.  Such  a  t,jn,  if  approved  and  adopted, 
in  a  few  years,  will  not  render  the  SpringlicTds  that  may  bo  ou  band  worthlesa.  I 
therefore  hope  that  Congn^ss  may  be  liberal  in  iti)  appropriation. 
Aud,  in  1877, 1  said: 

Believinglhat  siichacountr^t'aa  this,  withits  great  uatntttl  resources,  abundant  n-ealth 
an  exposed  tVouticr  of  many  tlionsands  of  miles,  with  a  shore-line  of  as  many  thou- 
sand more,  should,  as  a  measure  of  ordinary  safety,  have  always  in  store  not  less  than 
half  a  million  of  the  best  and  most  efBcient  arms,  the  mannfacture  of  one-tenth  that 
number  during  the  next  year  seems  so  necessary  as  to  call  for  no  argument.  It  mAy 
be  true  that  our  policy  is  peace.  If  so  now,  it  has  been  so  foracentnry,  and  yet  during 
that  short  period  in  the  existence  of  the  nation  we  have  had  Dot  only  conntlcMs  wars 
with  the  Indian  tribes,  bnt  wars  with  the  nations  coDtignoustoonrlioandaTy  north  and 
south,  and  tho  great  war  of  the  rebellion.  Is  it  to  be  oxpeclod  that  a  contiunanee  of 
snob  a  peace  policy  will,  in  thepresent  centurj- of  the  country's  life,  beniore  sucee.isful 
in  keeping  us  free  from  a  fair  proportion  of  eoiillicts  in  wliicli  i>cace  can  only  l>e  main- 
tained at  tho  saerillce  of  men  and  mcansf  The  experience  of  the  most  enlightened 
natioDxin  the  past,  tho  giRantic  st-mggle  nowbeingwagedon  the  cootinont,  that  may 
Me  its  clow  involve  other  powers  and  subject  all  Europe  to  the  horrora  of  war,  prove 
how  far  wo  aroyet  from  a  realization  of  a  peace  that  will  last  longer  than  time  enough 
to  prei>are  fur  a  new  conflict.  If  olil-cstablished  communities,  with  tho  unmulative 
wisdom  aud  experience  of  oenturiee  to  guide  lliom,  seom  to  exist  only  under  the  pro- 
tection of  armies,  is  it  to  be  expected — with  a  record  of  onr  wars  during  the  past  cen- 
tury before  us — that  the  United  States,  almost  the  youngest  in  the  family  of  nations, 
can  enjoy  a  fiiture  different  from  theirs !  To  be  prepared  for  war  is  one  of  tho  most 
effective  means  of  preserving  peace.  Such  preparations,  to  be  efficient  and  complete, 
must,  however,  lie  made  at  teinure,  wit  hall  tlic  skill,  experience,  aud  means  of  which  we 
are  capable.  In  making  them,  time  is  an  element  not  to  be  ignored  ordespised.  Tlie 
progress  in  invention  and  of  the  mechanic  arte  munt  be  eousult-ed  and  kept  in  view  in 
the  work  of  preparation,  because  the  approved  articles  of  the  jiast  may  have  become 
tho  mere  stepping-stone  to  the  perfected  improvement,  of  thepruHont.  What  fifteen 
years  ago  was  deemed  a  perfect  musket  Is  now  classcil  asolisolete  wtthhanlly  a  mark- 
etable value,  and  that  marvel  of  mechanism  of  to-day,  the  breech-loading  rlllc,  mnsl 
soon  make  room  for  a  still  greater  marvel  i[i  simplicity  and  eilVctivenetis.  In  our  pro- 
paratiouH,  wo  must  keep  abreast  of  the  progress  of  the  age.  Get  the  best  of  to-day. 
with  tho  certainty  that  it  must  yield  to  tho  best  of  to-morrow.  And  it  is  this  ud- 
censing,  ever-changing,  still  improving  march  that  enforces  constant  and  nui«mil- 
tiug  study,  and  labor,  and  change,  aud  improvement  ou  the  jiart  of  governments  tlie 
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■orlil  over,  that  tbey  may  l>e  thoroughly  iirppored  in  tlio  ilay  of  trial,  not  with  the 
olnolete  ftppliauces  of  a  putt  Ajfc,  but  witti  IIih  perfi^lird  iiirrhniiiHiii  of  tlic  present. 
This  Donntniit  change  of  model  aud  pattern  iuvolven  nil  coiintrieK  iu  jtreat  ex|>euee  in 
bri.  in  never-ending  drnflB  on  their  exchequers,  lint  nnlcea  a  grand  conncil  of  the 
nitioDs  sbonld  docide  and  flx  on  the  kind,  charautcr,  nnA  quality  of  the  vreapona  that 
irr  to  be  used  in  irar,  there  la  but  one  uuerring,  iiufailiiig  guide  tn  the  character  of 
10  annament,  aud  that  is  that  it  shall  l>e  ei[nal,  and  if  possible  aujicrinr,  to  that  of 
alEoiber*.  This  eutaiht  the  constant  cxpeudituri!  of  large  snnn;  but  sncli  e\pendi- 
tanware  move  than  repaid  liy  the  tirst  victory  that  proveiita  the  capture  of  a  capital 
or  the  deHolation  of  a  district.  At  auy  rate,  there  is  no  way  kuowu  to  tile  world  to 
avoid  tiuch  a  course  of  procedui'e,  aud  the  ni>('eHaitioH  of  modern  warfare  demand  a 
thuRidghDew  and  completeness  in  the  prepanitiuus  that  no  country  cnu  neglect. 

It  is  in  this  vion  that  a  large  appropriation  for  tlie  niainifacture  of  aruui  at  the  No- 
tional Ajmory  is  deemed  imperative.  The  riUo  iiMned  to  the  Army  and  the  iiiilllia  cnu)- 
f»Ke  fovorably  with  the  best  bre^ch-londer  either  here  or  abroiul.  It  is  au  arm  that 
may  not  be  auperMetled  for  many  years  to  eoiue,  and  if  it  lie  obligf<<l  to  yield  to  one  of 
inpetiar  merit,  the  eltect  will  not  be  to  render  it  obwdcti',  but  to  make  it  Heciiiidary  to 
one  using  the  same  cart ridjre  hnt  having  greater  lupidity  ol"  lire,  no  that  the  prexent 
aagk  broerh-loader  will  always  lie  a  |K>werfiil  weapon,  even  when  eoniparud  with 
tbeiHMsihle  niagazine-guu  of  the  fnture.  We  cauuut  be  wrong  in  laying  np  a  reason-, 
iblf  Hupply  of  these,  therefore,  esi>ecially  as  the  luagaziue-gun  that  iii.ty  sumu  day  be 
tdapted  for  Anuy'  service  may  reiiuire  years  of  iuveutiun  and  improyiiiLienis  to  reach 
(hat  degree  of  simplicity  iu  it4  mechanical  arraugumonta  necessary  to  rcuilcr  it  suita- 
ble for  the  soldier. 

I  can  only  reiterate  tliese  views,  and  express  tlie  bope  tliat  tbe  wis- 
dom of  Congress  will  grant  what  we  so  urgently  require. 

TAKGET  PEACTICE. 

I  bare  made  an  estimate  for  the  smallest  amount  of  money  which,  in 
my  judgment,  will  be  needed  to  provide  ammunitiou  for  the  use  of  the 
service,  viz,  ♦200,001).  To  make  our  soldiei"s  good  msirksmen,  an  ample 
sappty  of  ammunition  must  be  pro\ided,  and  this  cannot  l>e  duuo  unless 
sufficient  money  is  annually  approprlat<Hl. 

The  amount  asked  for  will  proride  between  7,000,000  and  8,000,000 
cartridges,  and  if  all  should  be  expended  in  target  practice  it  woiihl  not 
give  each  soldier  over  400  cartridges  for  the  year,  certainly  a  very  small 
munber  when  tbe  importance  of  the  subject  is  considered.  But,  as  a 
matter  of  fact,  a  large  part  of  this  quantity  is  expended  for  other  pur- 
poses, in  battle,  scouting,  escort  duty,  drills,  and  occasions  of  ceremony, 
60  that  the  soldier  can  hardly  expect  to  fire  over  2ii  rounds  per  month. 
The  great  interest  which  has  sprung  up  within  the  last  four  years  in  the 
Army  in  reganl  to  target  practice  has  not  been  fostered  to  the  extent  it 
should  have  been,  owing  to  the  lach  of  funds  to  procure  a  sufficient  sup- 
ply of  ammunitiou,  aud  perhaps  a  well  digested  system  of  target  prac- 
tice and  the  necessary  appliances. 

By  the  distribution  to  the  service  of  a  text-book  on  rifle  firing,  pre- 
pared by  your  order  under  my  direction  by  Colonel  Laidley,  of  this 
department,  a  system  has  been  adopted  which,  though  undoubtedly 
Kuscepdble  of  improvement  in  future  wUl,  with  the  necessary  appropri- 
ations for  cartridges,  enable  the  soldier  to  perfect  himself  as  a  marka- 
2  ORD 
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man,  and  to  develop  to  their  fullest  extent  tbe  many  excellent  <iualitie8 
of  the  Springfield  rifle. 

T£8T  OP  UETAI^. 

The  department  has  now  in  its  poasesaion,  set  up  at  the  Watertowu 
Arsenal,  the  finest  miiehiiie  in  the  world  for  testing  the  strength  of  metals 
and  other  materials,  and  T  have  aske<1  for  a  small  annual  appropriation 
to  enable  it  to  be  nse<l.  This  msieliinc  wiis  authorized  by  Congress  and 
construeted  under  the  immediate  supervision  of  the  late  United  States 
boanl  to  test  iron,  steel,  &c.  Valuable  results  have  already  been  ob- 
tained from  its  limited  use,  under  circumstances  very  unfavorable,  and 
it  is  suggested  that  a  wise  ])olicy  and  a  just  appreciation  of  the  advan- 
tages to  inure  to  the  various  industries  of  the  country  will  prompt  tbe 
Congress  to  grant  the  small  amount  of  money  necessary  to  develop  its 
capacities. 

The  work  already  accomplishwl  has  enlisted  the  active  sympathy  oi 
scientific  men  of  all  classeJi,  and  metal  mil nu fact lu'crs  and  users,  who 
have  not  Uinfted  their  expressions  of  approval,  but  have  supplemented 
them  with  funds  to  finish  work  which  was  commeuci-d  but  could  not  be 
finished  owing  to  the  failure  of  Congress  to  appropriate  the  wisbed-for 
money. 

From  what  is  known  of  the  wants  of  officers  having  charge  of  govern- 
ment con  struct  ion  8,  the  lack  of  definite  infornmtion  on  the  part  of  civil 
engineoi's,  architects,  and  me<;hanical  engineer-s  throughout  the  country, 
and  their  utter  inability  to  obtain  correct  data  on  which  to  base  their 
calculations,  for  the  nee<l  of  which  large  sums  bave  annually  to  be  ex- 
pended in  order  that  the  errors  made  nmy  be  on  the  side  of  safety,  there 
is  no  iuiri>ose  for  which  an  appropriation  could  be  grauted  which  would 
yield  so  large  and  immediate  a  return  in  the  way  of  money  absolutely 
saved  as  a  grant  for  working  this  machine  and  publishing  the  results 
obtained,  and  in  the  comwtness  of  this  opinion  I  am  coutident  that  1 
will  be  supported  by  the  whole  body  of  scientific  men  and  manufacturers 
of  metals  of  superior  quality  throughout  the  land, 

EQUll-JTENT  BOAED. 

iJpon  my  retjuest  a  board  of  officers  irom  the  line  of  the  Army  was 
constituted  by  the  Secretary-  of  War  to  consider  the  subjwjt  of  bayonets 
and  intrenching  tools.  This  boanl  was  in  session  nesirly  four  months, 
and  the  result  of  its  labors  has  been  published  to  the  Army.  As  rap- 
idly as  i>ossible  those  of  its  recommendations  which  have  Iteen  approved 
by  the  StHjretary,  and  which  relate  to  the  stores  provided  by  the  Ord- 
nance Department,  will  be  carried  out. 

IKDIAH  RIFLES. 

As  much  has  been  said  in  oSicial  reports  and  in  the  public  prints  re- 
specting the  quality  of  arms  used  by  our  Indian  tribes,  and  their  great 
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suiH-riority  to  the  arms  in  the  hauda  of  our  troops,  iu  ae€iira«y  and  range, 
I  inclose  a  r«i)ort  made  ftt  the  National  Armory,  ou  a  unmbcr  of  Indian 
gnns  sent  to  me  from  the  field.  T  am  willing  to  rest  the  reputation  of  the 
Sprinjc&eld  rifle  and  carbine  on  the  facts  developed  in  the  trial,  and  re- 
eonled  in  this  report.  Xot  even  such  an  adWiirable  weaixm  as  the  Spriug- 
field  rifle  can  be  expected  to  give  satisfaction  to  every  oflieer  and  soldier, 
bat  it  is  my  flrui  belief  that  it  conies  very  near  it. 

SPBINGFIBLD  AND  PE4B0DY- MART  INI  RIFLES. 

In  this  cfliniection  I  de.sire  to  invite  attention  to  the  inclosed  report  on 
C'erlain  comparisons  instituted  between  the  Springfield  and  Peabody- 
Martini  rifles.  These  trials  were  made  to  show  whether  the  latter  was 
so  far  8ni>erior  to  the  former  as  was  intimated  by  letter-writers  during 
aiiii  after  the  siege  of  Plevna  in  the  Russo-Turkish  war. 

Tliat  tlie  ultimate  range  of  the  Pcabody  should  be  gi-eator  was  con- 
w<led  on  the  simple  fact  that  the  charge  of  powder  used  was  15  J  grains 
grt-ater,  and  the  bullet  75.  gi-siins  hea\'ier,  than  the  charge  of  powder  and 
bullet  of  the  Springfield.  Tlie  trial,  however,  showed  for  the  Springfield 
•'superior  accuracy,"  "  accompanied  with  more  iH>wer  than  is  ret^uired  to 
disable  a  man  at  ranges  at  which  it  is  practicaUy  impossible  for  a  marks- 
man to  hit  so  small  an  object."  "At  iiinges  of  1,000  yanls  and  upward, 
the  trajectory  of  the  Peaboily  is  slightly  fliitter,  but  at  shorter  ranges — 
those  at  which  a  rifle  will  ordinarily  be  Bred  iu  service — the  trajectory 
of  the  Springfield  is  the  flatter,  owing  to  its  higher  velocity."  At  1,(509 
yards — the  longest  range  in  the  jiroviug  ground — the  Springfield  hit  the 
target — 8*  X  12' — 3  times  out  of  10,  while  the  Peabody  was  fired  CO  rounds 
to  hit  the  target  the  same  number  of  times.  The  Army  should  be  satis- 
fied with  such  a  record.  I  have  directed  experiments  to  be  made  with 
the  Springfield  rifie  up  to  2,500  yanls,  and  anticipate  excellent  results. 

MULTIBALL  CAETBIDGES. 

I  apiieud  a  series  of  reiMirta  on  the  multiball  cartridge  for  revolver. 
For  use  in  the  rifle  and  carbine,  it  has  not  been  received  with  tavor,  the 
reports  ironi  the  field  being  almost  unanimously  against  it. 

Its  efficiency  as  a  rei'olver  caitridge  will  depend  on  its  results  at  very 
uliort  ranges — certaiuly  within  25  yanls — and  ou  the  extent  of  its  scat- 
tering, I  <]uote  from  a  reiiort  of  Captain  (IrecT-,  Ordnance  Department, 
a  luottt  capable  and  experienced  ofiicer  and  experimenter,  maile  June  7, 
last: 

With  rt'ganl  to  diniiersiou  of  firr,  which  is  tin-  ti'iii:  raiion  irttre  of  these  cnrtrirlnfH, 
tn  iniipcctioD  of  the  tubles  ahoWH  that  at  Hhorl  vauRi'it  there  is  noun  at  ull,  the  liiillia 
boli-auf  each  Hhot  nearly  coiurl<liii|i.  At.  1oii|;i!i'  raiigi'H—T5  to  IIMJ  .varilH — thL-ivita 
iini*i.lprable  dis|H'niiuu  of  bulla;  hut  tliry  havf  too  liltk'  ihiwit  to  do  nuii-h  «xi-i;iitiou. 

The  department  will  continue  its  endeavors  to  adapt  this  (cartridge  to 
tlie  n'volver,  and  it  may  be  that  some  simple  change  in  itsari'iingenieut 
and  form  may  fulfill  the  conditions  uecessaiy  to  make  it  a  success.       i 
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CLERICAL  POBCE. 

In  compliance  with  your  instntvtions,  I  bare  omitted  in  my  aimual 
estimate  to  aak  for  additional  clerks,  but  I  may  be  pardoued  iu  repre- 
Beating  the  inadequacy  of  the  force  now  by  law  allowed  iu  thia  office. 
For  the  fiscal  year  ending  June  30, 1870,  there  were  allowed,  besides  the 
chief  clerk,  three  clerks  of  class  four,  three  of  class  three,  three  of  cla^is 
two,  eight  of  class  one,  one  messenger,  one  laborer,  and  eight  enlisted 
men,  a  total  of  twenty-eight,  and  in  grades  and  liumber  these  were  not 
more  thau  eafficioiit  to  meet  the  wants  of  the  o£Bce.  Since  theu  the  cur- 
rent work  of  this  office  bos  materially  increased  and  is  increasing  anna- 
ally,  while  the  clerical  force  has  been  decreased.  As  a  conseQuence, 
mnch  importaut  work  is  now,  and  has  been  for  several  years,  running 
loehind  hand,  much  to  the  inconvenience  aud  detriment  of  the  public 
service,  and  not  uufrequeutly  to  the  hardshi]>  of  individuals.  I  hope 
that,  at  the  proper  time,  you  will  see  fit  to  ask  Congress  to  restore  the 
clerical  organization  to  ite  former  grading. 

Tlie  following  statement  will  give  some  idea  of  the  magnitude  of  the 
work  of  this  office  duriug  the  i>ast  year : 

Nninber  of  I'Bah  aud  prniiert.v  retumHof  all  kinds  cxnmiDed..'. 7,  llhi 

Number  reinsiuinfc  iiiiexamintKl  on  Aciioimt  of  iomiHicipiit  plorickl  force......      4, 456 

LetbMD  and  other  jiapers  received,  liriefed,  and  eiitereit  npou  the  records  of  the 

office 15,494 

Letli-ra,  ordi'ra,  and  iiidorscoieiitH  written  aiiditeut  out 94,  (KM 

If  umbei' of  blanks,  public  docunieulH,  &c.,  prrjiared  and  dint rihute<l 3i>,  022 

I  have  the  honor  to  submit  the  followingpapers,  heretofore  referred  to: 

Appendix  A. — Statement  of  principal  articles  procured  by  purchase 
aud  fabrication  at  the  arsenals  during  the  year  ended  June  30, 1879. 

Appendix  B. — Statement  of  ordnance,  ordnance-stores,  &c.,  issued  to 
the  military  esbiblishment,  exclusive  of  the  militia,  dnriug  the  year  ended 
June  30,  1879. 

Appendix  V. — Apiwrtionment  for  the  fiscal  year  ended  June  30,  1879, 
of  the  anmml  appropriation  of  $200,000  for  arming  and  equipping  the 
militia,  under  sections  16C1  and  166?  Revised  Statutes. 

Appendix  D. — Statement  of  ordnance,  ordnance-stores,  &o.,  distributed 
to  the  militia  from  July  1,  187S,  to  Jime  30, 1879,  under  section  10U7 
Revised  Statutes. 

'  Appendix  E. — Statement  of  ordnance,  ordnance-stores,  &c.,distribut«d 
to  colleges  from  July  1, 1878,.to  June  30, 1879,  under  section  1226  Re- 
vised Statutes. 

Appendix  F. — Statement  of  ordnance-stores,  &c.,  distributed  to  the 
Territories  and  States  bordering  thereon,  from  July  1,  1878,  to  June  30, 
1879,  under  the  joint  resolutions  of  July  3, 1876;  March  3, 1877;  March 
9  and  June  7,  1878. 

Apimtdix  G. — Statement  of  ordnance  and  ordnance-stores,  &c.,  issued 
to  the  esecntive  departments  under  the  pronsions  of  the  act  of  March 
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HEPOBTS   OF  THE  CONSTBUCTOB  OF  OEDNAHCE. 
Lieut  Col.  8.  Crispin,  Ordnance  Department. 

Appendix  E. — Construction  of  the  11-incli  M.  L,  rifle,  cooverted  from 
a  LVincb  S.  B.  Hodman  gun. 

S^. — Constmction  of  a  3-iDcb  B.  L.  rifle, 

P. — Construction  of  a  3.16-inc)i  M.  L.  rifle,  chambered. 

R\ — Constnictiuu  of  a  3.16-incIi  M.  L.  rifle,  rapid  twist. 

E*. — Gae  checks  for  B.  L.  rifles. 

ff'. — Alteration  in  12-inch  rifle-carriage. 

H*. — Proposed  chainbere^l  rifle,.  4.50-iiich  caliber. 

ff'. — Eeport  on  cxi)eriinental  cannon-powders,  Capt.  C.  8.  Smith,  Ord- 
nance Department. 

EEPORTS  OF  THE  ORDNASOE  BOARD. 

lAeut.  Col.  S.  Crispin  and  lAeut.  Col.  T.  0.  Bailor,  Ordnance  Department; 
Capt.  F.  II.  Phippa,  recorder. 

Appendix  I. — Gunpowders. 

/'. — I'rogreas  rei>ort  on  powders  for  4.50-inch  rifle. 

P. — Progress  report  on  powders  for  8-inch  rifle. 

P. — Progress  report  on  3.50-ineh  l>eane  bronze  gun. 

/'. — notchkiss  revolving  cannon,  caliber  1.5-inch. 

P. — Flank  defense  carriage  for  Hotchkiss  revolving  cannon. 

P. — Relative  destnictive  eflects  of  diflrerent  Hotchkiss  projectiles. 

P. — Report  on  Hotchkiss  revolving  cannon  (light  field  model),  oaL 
1.50-inch. 

P. — Progress  report  on  3-inch  B.  L.  rifle. 

P. — Progress  report  on  3.17-inch  M.  L.  rifle,  chambered. 

P'. — Progress  report  on  8-inch  B.  L.  rifle. 

PK — Progress  report  on  11-inch  il.  L.  rifle,  converted  from  a  IS-incb 
S.  B.  Bodman  gnu. 

r*. — BciKirts  on  a  Catling  gun,  caliber  .lo-incb,  English  model,  hav- 
ing a  new  pointing  apparatus. 

/".—  EeiKirt  on  multiball  cartridges  for  Gathng  gun. 

MISCELLANEOUS. 

Appendix  K. — Annual  rei>ort  of  the  principal  operations  at  the  Bock 
Island  Arsenal,  1879,  Maj.  D.  W.  Flagler,  Ordnance  Department,  com- 
manding. 

Appendix  L. — Progress  report  upon  the  artesianwell  at  the  Benicia 
Arsenal,  1879,  Lieut.  Col.  J.  McAlIi.'iter,  Ordnance  Department,  com- 
manding. 

Appendix  M. — Measurement  of  powder  pressures  Ju  cannon  by  com- 
pression of  oil.  Dr.  W,  E.  Woodbridge. 
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Appendlj;  N. — Triijectoriejs  of  army  revolvers,  Capt.  J.  E.  Greer,  Ord- 
nance Departineut. 

Appentiix  0. — TraJe«toriea  of  the  Springfield  and  Peabody-Martini 
rifles,  Capt.  J.  E.  Greer,  Ordnance  Department. 

Appetidir  JP. — Esiieriments  with  small  arma — space  between  bnllet  and 
powder,  Capt.  J.  E.  Greer,  Ordnance  Department. 

Appendix  Q. — Action  of  sea-water  on  brass  cartridges,  Capt.  J.  E. 
Greer,  Ordnance  Department. 

Appendix  R. — Eeportontlie  manufacture  of  certain  life-saving  guns, 
Lieat.  C.  W,  'WTjipple,  Onlnance  Department. 

Appendix  S. — Description  of  the  Lyle-Emery  grapple-shot,  Lieut.  D- 
A.  Lyie,  Ordnance  Department. 

Appendix  T. — De)*crtption  of  the  Laidley  cavalry  forge,  CoL  T.  T.  S. 
Laidley,  Ordnance  Department. 

Appendix  U. — Swollen  barrels  in  service  rifles,  Capt.  J.  E.  Greer,  Ord- 
nance Dei>artment. 

A^endix  V. — IJeports  on  Indian  arms.  Capt.  J.  E.  Greer  and  Lients. 
D.  A.  Lyle  and  B.  Biniie,  jr.,  Ordnance  Department,  and  Master  Ma- 
chinist S.  W.  Porter,  j^titional  Armory. 

Appendix  W. — Keports  on  multiball  cartridges  for  small  arms.  Maj.  J. 
M.  Whittemore,  Capts.  E.  M.  Wright  and  J.  E.  Greer,  and  Lieuts.  H.  Bir- 
nie,  Jr.,  and  C.  C,  Morrison,  Ordnance  Department. 

Appendix  X. — Report  on  rauge-fluders,  Capt.  F.  H.  Phipps,  Ordnance 
Department. 

Appendix  T. — Showing  stations  and  duties  of  the  officers  of  the  Ord- 
nance Department  on  the  1st  of  October,  1879. 

I  have  the  honor  to  be,  very  resjiectiblly,  your  obedient  servaut. 
S.  V.  BEN^T, 
Brigadier-General,  Chief  of  Ordnance. 


by  Google 


APPENDIX  A. 

i^atemeat  of  prindpal  articles  procured  by  fabrication  at  the  arsenals  and 
Ig  purchase  during  the  year  etUied  June  30,  1879. 

Class  I. 

1  Gatling  gun,  caliber  1  inch,  10  biurols,  long. 
14  Gntlitig  guiin,  caliber  .4.5,  10  barrels,  lung. 
10  Hotchitiss  luounteiD  guns,  caliber  1.65  inch. 

4  Hotchkiss  revolving  guiin,  caliber  1.5  inch. 
10  Lowell  battery  giins,  caliber  .45. 
24  coiled  wrought-irou  tubes  for  8-iach  convertetl  ri&eB. 

Class  II. 

1  carriage  and  limber  for  Gatling  gnn,  caliber  1  inch. 
33  carriages  and  limbers  for  Gatliug  gnnn,  caliber  .46. 

3  carriages  and  limbers  for  Hotchkiss  revolving  guns,  caliber 

1.5  inch. 
10  carriages  for  Hotchkiss  moimtain  guns,  caliber  1.65  inches. 

53  carriages  and  chassis  for  S-iiich  converted  guns,  fitted  with 

recoil  checks, 
200  gan  carriages  for  life-saving  service. 
1  carriage  and  limber  for  caliber  .45  Lowell  battery  gun. 

4  carts  for  caliber  .4.5  Oatling  gnus. 
10  cavalry  forges,  Laidley's. 

Class  III. 
125  buckets,  various. 

30  feed  cases  for  caliber  1-inch  Gatling  gun. 
1,000  fee«l  cases  for  caliber  .4.5  Gatling  guns. 
500  feed  tubes  for  Lowell  battery  gun. 

32  gun  covers,  various. 

42  baudspikes,  various. 
200  gunner's  levels  for  life-saviug  service. 
386  manoeuvering  bars,  various. 

38  sets  artillery  harness. 
200  lanyards  for  life-saving  service. 
400  powder  measures. 
400  priming  wires. 
427  quoins,  various. 

7  pack-saddles  for  Hotchkiss  mountain  carriages. 
212  sponge  covers,  various. 
281  apoQ^  and  rammers,  various. 

54  tompions,  various. 
76  vent-pieces. 

Classes  IV  and  V. 

60  3>iDcb  Butler  shot. 

Wl2>pomider  shot,  strapped  and  fixed.  ,-•  , 
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819  Siucli  Butler  shot. 
20  8-iiifh  Eureka  shot. 
2U  8-iiicb  l>aiia  abot. 
60  lO-incb  Butler  sbot 
10  11-ineh  Butler  shot. 
25  12.L*r>-hicb  Butler  sbot. 

820  3-iuch  sbells. 

0  3-iuch  Kureka  shells. 
10  8  inch  Butler  ehella. 
10  11-inch  Butler  shells. 

44  4.5-iuc}i  case  shot,  exporinientAl. 
4  4.5'ineli  cauister,  exiwriniontal. 
1, 000  ball  cartridges  fur  l-iuch  Oatliug  guu. 
1, 000  cauistera  for  1-iiich  Qatliug  gau, 
2, 000  Lu-iueh  llotebki^ii  shells. 
6,  SOU  l.(i5-incb  Hotchkiss  shells. 

Class  Vi. 

500  Ilotchkiss  inagaztim  carbiues,  caliber  .45. 
500  Ilotchkiss  luagaziue  rides,  caliber  .45. 

1  Hutchkiss  utag^iue  Xavr  rifle,  caliber  .45. 
20, 006  8priugfieUl  ritles,  ealit>er  .45. 

101  Spriugflelil  officers'  ritles,  caliber  .45. 
3, 000  Colt's  i-evolvers,  caliber  .45. 
280  Smith  &  Wesson  revolvers,  caliber  .43. 
200  stafl'  and  foot  officers'  swords. 

Class  VII. 

5. 020  curry  cotnbs. 

2.021  saddle  blankets. 
11, 397  meat  cans. 

13,  fi50  tin  cui>s. 
7, 124  set^  knives,  forks,  and  8i>oous. 
47, 246  ai)peudages  for  siuuU  arms. 

Class  VIII. 

53, 129  cartridge  bags,  flUed. 
1, 656, 130  carbiue  ball  cartridges,  caliber  .45. 
1, 502, 179  rifle  ball  cartridges,  caliber  .50. 
1, 247, 287  rifle  ball  cartridges,  caliber  .45. 
310  rifle  blank  cartridges,  caliber  .45. 
50, 000  rifle  blank  cartridges,  caliber  .53. 
1, 074, 070  revolver  ball  cjirtridges,  ciiliber  .45. 

219,  COO  re\'olver  blank  cartridges,  caliber  .45. 
1, 697, 750  lea<l  balls,  caliber  .45. 
91, 000  pounds  hexagonal  powder. 
2, 400  pounds  cannon  ]>ow(ler. 
2,  <HMI  pounds  mortar  powder. 
52, 512  i>ounds  rifle  jiowder. 
3, 300  electric  canuou  primers. 
47, 300  friction  primers. 
1, 270, 2j0  cartridge  iirimors. 

183  Inscs,  experimental.  -,  , 
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16  blocks,  varioas. 
14  chocks,  various. 

1  hand  cart. 

2  rollers,  long. 
25  sliiftiug  planks. 

1  sling  wagon,  Laidley's. 
5  platfonns  for  mortars. 
5  platforms  for  siege  carriages. 

Class  X. 

1, 125  sabots,  varioas. 
600  tin  8trai>9,  various. 
105, 213  spare  ]>arts  for  small  arms. 
132, 3U4  i)arts  of  infantry  equipmeuts. 

3, 440  parts  of  cavalry  aocoutorments. 
101, 546  parta  of  horse  equipments. 

535  ]>arts  of  artillery  carriages,  various. 
63, 768  cartridge  bags,  empty,  various. 
30, 500  cartridge  shells,  caliber  .45. 

MiSOELLANEOUB. 

045  arm  chests. 
2,  S45  boxes,  packing,  wood. 

344  Iwxes,  packing,  tin. 
4, 447  bolts  and  nuts,  various. 
3S,  093  pounds  barrel  molds. 
963  tin  (!aiis. 

1  400-ton  testing  machina 

1  metal  testing  ma^ihine. 

1  cartridge  breaking  machine. 

1  cartridge  loading  machine. 

2  cartridge  stamping  machines. 
1  cartridge  weighing  machine. 
4  primer  drilling  machines. 

3  primer  sawing  machines. 

1  cartridge  gauging  machine. 
1  horizontal  boring  machine. 
1  power  planer. 

1  pressure  dynamometer. 

2  lathes. 

1  star  gauge,  ring  and  points. 

3  ring  gauges. 

238  boxes  leather  blacking. 
7, 002  pounds  harness  oil. 
41  gallons  lacquer. 
150  cast-iron  heating  stoves  for  Quartermastfir's  Department. 
10  tool-chests,  various. 
2, 342  pounds  black  wax. 
20, 404  pounds  white  lead. 
5,  OH  pounds  paint. 
2, 795  aides  leather. 
42, 003  pounds  leather. 
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19, 982  ponnda  rope,  twine,  aud  thread. 
814, 928  pounds  iron  beams. 
80, 965  pounds  sheet  copper. 
3, 493  tons  coal. 

201  sets  reloading  tools. 
10, 888  tools  and  utensils. 
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APPESDIX  B. 

of  ordnance,  ordnance  stores,  d^.,  issued  to  the  niUitarif  establisK- 
meat  [except  the  militia]  during  tJneJiscal  year  e)ided  June  30,  1879. 

Class  I. 

6  Gatliug  guns,  caliber  .4.),  10  barrels,  loDg. 

3  Gatling  guns,  caliber  .46,  10  barrels,  short. 

4  GatliDg  guns,  caliber  .4o,  5  barrels,  short. 
1  Gatling  gun,  caliber  .50. 

1  Gatling  gun,  caliber  1  inch. 

2  Hotchkiss  revolving  gnus,  caliber  1.5  inches. 

3  Hotchkiss  revolving  guns,  caliber  1.65  inches. 
6  3-iuch  rifled  guns. 

9  4}-incL  rifled  guns. 

1  6-pounder  bronze  guo. 

5  IS-pouuder  bronze  gnus. 

5  12-poau(ler  mountain  howitzers. 
20  8'inch  rifled  guna. 

2  8- inch  siege  howitzera. 

2  24-pouDder  Coeliorn  mortars. 

6  8-ineh  siege  mortars. 
6  10-ineh  siege  mortars. 

1  13-inch  sea-coast  mortar. 

Glass  II. 

3  beds  and  frames  for  short-lmrrel  Gatling  gun. 

2  frames  for  short-barrel  Gatling  guu. 
2  tripods  for  short-barrel  Gatling  gun. 

4  Gatling  gun  carts. 

2  Gatling  battery-  carts. 

6  carriages  and  limbers  for  long-barrel  Gatling  gun,  caliber  .40. 

1  carriage  and  limber  for  Gatling  gun,  caliber  .60. 

1  carriage  and  limber  for  Gatling  guu,  caliber  1  inch. 

2  1.5-inch  Hotcbkias  gun  carriages  and  limbers,  steel. 
3 1.66-inch  Hotchkiss  carriages  for  mountain  gun. 

12  3-inch  carriages  and  limbers. 
12  3-inch  caissons  and  limbers. 
11  4J-incb  siege  carriages  and  limbers. 

1  6<pounder  carriage  and  limber. 

4  12-pounder  carriages  and  limbers. 
6  12-pounder  caissons  and  limbers. 

2  12-pounder  field-howitzer  carriages  and  limbers. 

3  12-poander  inountaiu-howitzer  carriages. 
6  12-ponnder  prairie  carriages  and  limbers. 
1 12-poander  prairie  carriage  limber. 

2  30-poander  i'arrott  carriages  and  limbers. 
20  8-inch  rifle  carriages. 
2  8-inch  siege  howitzer  carriages  and  limbers. 
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3  24-]K»un(ler  mortar  Ijeda, 
6  8-iiich  siege  mortar  beds. 

3  10-inch  siege  mortar  "beds. 

1 13-iDch  Bea-{!oa8t  mortar  bed. 
2  mortar  wagons  and  limbers. 

10  cavalry  forges,  Laidley'a. 

1  portable  forge. 

2  traveling  forges. 

4  ammunition  chests  for  Gatling  tripod. 

3  animuuition  ehest«  for  moautaiii  howitzer. 

Class  III. 

2  accessories,  feed  cases,  loading  machines,  &c.,  for  l^inch 

Hotclikiss  gun. 

11  baskets  for  mortar  implements. 
1  iron  forge  bucket. 

33  iron  sponge  buckets. 

4  wooden  sponge  bucketa. 
24  iron  tur  buckets. 

20  gutta-percha  water  buckets. 

19  papier-mach^  water  buckets. 
16  leather  water  buckets. 

3  drag-roi>e8. 

4  elevating  bars. 

20  friction  clamp  bars,  8-incIi  carriage,  long. 
20  friction  clamp  bars,  8-iiich  carriage,  short. 

6  fuse  blocks. 
14  ftise  cutters. 

1  fuse  extractor. 
18  fuse  mallets. 

2  fuse  plug  reamers. 

6  fuse  plug  wrenches. 
1  fase  rasp. 
14  fuse  saws. 

12  fuse  8ett«r8. 

8  fiise  wrenches. 

3  gunner's  calipers. 

46  gunner's  gimlets,  field. 
14  gunner's  gimlets,  siege. 
1  gunner's  gimlet,  15-iueh  gun. 
63  gunner's  haversacks. 

4  gunner's  levels. 

1  gunner's  perpendicular. 
12  pinner's  pincers. 
12  gunner's  pouches. 

4  gunner's  quadrants,  braas. 

9  gunner's  ()ua4lrant«,  wooil. 

11  pairs  gunner's  »leeves. 
145  handspikes. 

24  sets  cavalry  foi^  baraess  for  two  horaes. 

12  sets  artillery  harness  for  two  lead  liorses. 
Id  sets  artillery  harness  for  two  wheel  horses. 
56  harness-bags. 

1  ladle  i<nd  staff  for  4^-inch  gun. 

2  common  lanterns. 
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12  dark  lantema. 
19  glo)>e  lanterns. 

100  Ian  yards  for  fiictioa  primers: 

2  loading  tongs. 

10  manobiivering  bars. 
1  maul. 

T  pack  saddles. 

7  pass  boxes. 

8  panlins  5  by  5  feet. 
17  paulins  6  by  10  feet 
Si  paulina  V2  by  15  feet. 

11  pendultim  hansses,  3-incIi  gun. 

4  pendulum  bausses,  12-pounder  gun. 

4  peudnlum  hausse  pouches. 

3  pendulum  hausse  seats. 
8  pinch  bars. 

13  plummets  and  cords. 

1  pointing  cord. 

6  pointing  stakes. 

5  powder  funnels. 

8  powder  measures. 
58  priming  wires,  field  gun. 

25  priming  wires,  siege  gun. 

2  priming  wires,  16-inch  gun. 

26  prolonges. 

i  props  for  4j-iDch  gun. 

4  props  for  howitzer. 

6  quoins. 

10  rammers  and  staves,  4^'inch  gun. 
2  rammers  and  staves,  15-incb  gun. 

40  rear  eccentric  axle  bars,  8-inch  carriages. 

11  scrapers  for  mortars. 

5  breech  sights  for  4^-inch  siege  gnu. 

2  breech  sights  for  8-incb  siege  howitzer. 

4  front  sights  for  12-pounder  guu. 

5  iront  sights  for  3-inch  ritled  gun. 

3  front  sights  for  4)  inch  siege  gun. 

2  (Vont  sights  for  8-inch  siege  howitzer. 
2  trunnion  sights. 
11  pairs  shell  books. 

5  spatulas. 

31  aiionge  covers,  3-Jneh  gun. 

6  sponge  covers,  4J-incb  gun. 

2  Fiponge  covers,  t>-pounder  gun. 
13  sponge  covers,  12.pounder  gun. 

2  sponge  covers,  12-pounder  field  howitzer. 
15  sponge  covers,  12-pounder  mountain  howitzer. 

1  8iH>nge  cover,  10  inch  gun. 

2  sponges  and  rammers,  6 -pounder  gun. 
15  sponges  and  rammers,  12-pounder  gun. 

2  sponges  and  rammers,  12-pounder  field  howitzer. 

27  sponges  and  rammors,  12-pounder  mountain  howitzer 
27  sponges  and  rammers,  3-incb  gun. 

4  sponges  and  rammers,  8-inch  siege  howitzer. 
10  sponges  and  staves,  4^-inch  gun. 

2  sponges  and  staves,  15-inch  gun. 
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1  HpODge  and  staff,  IS-incli  uea-coast  mortar. 
6  Ki^curing  stakes. 

12  stakes  for  mortar  wagon. 
135  tbuml)8tallH. 

2  tompioiis,  t^polm(le^  gun. 
12  toinpious,  3-iiicli  guu. 

5  tompioDa,  ij-inch  gun. 

4  tompions,  12-iKiuncler  gun. 
2  touiptouB,  24-pouiider  giin. 
2  touipions,  8-inch  siege  liowitzer. 
2  toinpionm,  20()-i>«iunder  gun. 

2  tompions,  lU-ineli  mortars. 
12  tow  hooka. 

4<J  tube  iwuclies. 
50  vent  covers,  field  gun, 
9  vent  <«ver8,  siege  gun. 
49  vent  pieees,  fiehl  gun. 
23  vent  punelies,  field  gun. 

3  vent  punelies,  sieye  gun. 
1  vent  punch,  15-inch  gun. 

1  ^7ilW^  for  mortar. 

6  Momis  and  staves,  field  gun. 

2  worms  and  staves,  siege  gun. 

468  feed  cases  for  (iatling  gun,  caliber  .45. 

?  clami>s  for  worm  gear,  for  Gathng  gun,  caliber  .45. 
9  guu  covers,  for  Catling  gun,  caliber  .i3. 
D  drifts,  for  Gatling  gini,  caliber  .45. 

12  shell  drivers. 

8  extractors  for  headless  cartridge  shells,  for  Oatling  gan^  cal- 
iber .45. 

1  extractor  hook,  for  Gatling  gun,  caliber  .45. 

2  handles  for  wiping  rotl,  for  Cititling  gun,  caliber  .45. 

2  trail  handsjiikes,  for  Gatling  gun,  caliber  ,45. 

4  oseillatorH,  for  Gatling  gun,  caliber  .45. 

13  wiping  rotls,  for  Gatling  gun,  caliber  .45. 

12  lock  st^rew  drivel's,  for  Gatling  gun,  caliber  .45. 

11  small  screw  drivers,  tor  Gatling  gun,  caliber  .45. 

12  T  screw  drivers,  for  Gatling  gnu,  caliber  .45. 

7  adjusting  screw  wrenches,  for  Gatling  gun,  calit>er  .45. 
7  pin  wrenches,  for  Gatling  gun,  calit)er  .45. 

11  rear  guide  init  wrenches,  for  Gatling  gun,  caliber  .45. 
36  fee«l  cases  for  Gatling  gun,  caliber  .50. 

5  gnn  covers,  for  Gatling  gun,  caliber  .56. 
36  teed  cases,  for  Gatling  gun,  calitwr  1  inch. 

1  gnn  cover,  for  Gatling  gnn,  caliber  1  inch, 

1  front  sight  cover,  for  Gatling  gnu,  caliber  1  inch. 

1  butt  gear  extractor,  for  Gatling  gun,  caliber  I  inch, 

3  extractor  books,  for  Gatling  guu,  caliber  1  inch. 
1  lock,  for  Gatling  gun,  caliber  1  inch. 

3  butt  geiw  pins,  for  Gatling  gun,  caliber  1  inch. 

3  extracting  pins,  for  (latling  gun,  caliber  1  inch. 

3  firing  jtins,  Ibr  Gatling  gun,  caliber  1  inch. 

1  extracting  rod,  for  Galling  gun,  caliber  1  inch. 

1  wiping  rod,  for  Gatling  gun,  caliber  1  inch. 

3  lock  s]>riiigs,  fur  Gatling  guu,  caliber  1  inch. 

1  screw  driver  and  fork  wrench,  for  Gatling  gun,  caliber  1  inch. 

1  eye-pin  wrench,  for  Gatling  gun,  calibw  1  inch.  '  ,s" 
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Classes  IV  and  V. 

1, 000  1.5-inch  Hotelikies  ebell. 
1, 143  1.0.j-iDch  Hotehkiss  shell. 

75  3-incii  shot. 
1,  064  3-inch  shell. 
402  3-Jnch  case. 
348  3-iDGh  canister. 
128  12-pouuder  ahot. 
624  12-i>ounder  sliell. 

tm  12'pouDder  case. 
472  12-i>ouuder  caDister. 

01  4i(-inch  shot. 
228  4|iu(;h  shell. 
100  24-i>oundeF  shell. 
350  ;M)-i)ouuder  shot. 
2Wl  30-pounder  shell. 
200  100-|>oimder  shell. 

25  200-pouiider  (hollow)  shot. 

GO  8-inch  shot 
lOO  .S-inch  shell. 
159  lO-inch  shell. 


Muzzle-  loading. 

10  SpringBeld  rifle  muaketa,  caliber  .58. 
1,  262  BDiootii-bore  pistols,  caliber  54. 

Breech-loading. 

201  Hotchkiss  magazine  carbines,  caliber  .46. 

20  Sharps  carbines,  caliber  .50. 

2, 177  Spiingfleld  carbines,  caliber  .45. 

202  Ilotclikiss  magazine  rifles,  caliber  .45. 
12  Springfield  rifles,  caliber  ,50. 

6, 410  Springfield  rifles  caliber  .45. 

5  Springfield  rifles,  caliber  .45,  officer's  model. 
873  Colt  revolvers,  caliber  .45. 

6  Remington  ])istoIs,  caliber  .50. 
12  Ueiningtoii  revolvers,  caliber  .44. 

169  Scbofield's  Smith  &  A\'essou  revolvers,  caliber  .45. 

0  Smith  &  Wesson  revolvers,  caliber  .44. 
22  artillery  sabers. 

482  cavalry  sabers. 

21  musicians'  swords. 

37  Qou- com  missioned  officers'  swords. 
6  staff  and  foot  officers'  swords. 
25  rifiemen's  knives. 
S41  trowel  bayonets. 

Class  YD 

41  artillery  saber  belts. 

25  artillery  saber  belt  plates. 

1  brace  yoke  with  cai-bine  sling.  0(~>(~>ale 
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335  carbine  cartridge  boxes. 
766  carbine  cartridge  pouclies. 
1, 873  carbine  alings. 
],253  carbine  sling  swivels. 
40  pistol  cartridge  boxes. 
921  pistol  cartridge  pouches. 
2, 997  pistol  holsters. 
2, 264  saber  belta. 
2, 245  saber  belt  plates. 
253  saber  knots. 
86  brace  yokesjand  stayrstraps. 
2, 885  st«el  bayonet  scabbards. 

791  trowel  bayonet  scabbards. 
1, 001  blanket  bags. 
11, 413  canteens  and  straps. 
1, 909  carrying  braces. 

200  cartridge  belts,  caliber  ,50. 
7, 609  cartridge  belt^,  caliber  .46. 
4, 206  cartridge  boxes,  caliber  .46. 
138  cartridge  boxes,  No.  1. 
279  cartridge  boxes,  No.  2. 
77  cartridge  loops. 
6, 251  clothing  bags. 
4, 482  coat  and  blanket  straps. 

80  sliding  frogs. 
9, 744  forks. 
5, 815  gun  slings. 
11, 538  haversacks  and  straps. 
9, 751  knives. 
9, 619  meat  cans. 

447  scabbards  for  intrenching  tools. 
43  sheaths  for  knives. 
276  shoulder  braces. 
9, 179  spoons. 

12  non-corainissioued  officers'  sword  beits  and  plates. 
151  stay  straiw. 
866  steady  straps. 
253  Loop  straps. 
10, 817  tin  cups. 
364  valises. 
165  valise  straps. 

113  nou-co  in  missioned  officers'  wiust  belts  and  plat«e. 
3, 647  privates'  waist  belts. 
3, 566  privates'  waist  belt  plates. 
6, 000  brass  mnzzle  covers. 
7, 003  headless  shell  extractors. 
1, 357  tumbler  punches. 
944  Jointed  ramrods,  steel. 
198  wiping  rods. 
3  ball  screws. 
8, 475  screw  drivers. 

3  clamp  screw  drivers. 
290  combination  screw  drivers  and  hoof  hooka. 
341  spring  vises. 
848  brush  wipers  and  thongs. 
12  wipers. 
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■4,  Oil  curb  bridles. 

2, 365  watering  bridles. 

482  hair  cinehas. 

369  cruppers. 
5, 888  carry  combs. 
1, 84d  girtiis. 
4, 551  halters  and  straps. 
7, 593  horse  brushes. 

435  horse  covers,  cotton  dnck. 
5, 821  lariats. 
1, 250  links. 
6, 943  nosebags. 
2, 356  picket  pins. 
2, 001  saddles. 
4, 293  saddle  bags. 

486  saddle  blankets,  artillery. 
5, 171  saddle  blankets,  cavalry. 

141  saddle  cloths. 

156  forage  sacks. 
3, 644  side  lines. 

877  carbine  sockets. 
4, 488  spars. 
4, 698  spur  straps. 
3, 432  stirrups. 

27  stirrups  with  guidon  sockets. 
3, 692  stirrup  straps. 
2, 438  surcingles. 


SHULL-ABH  AMHDNITIOH. 

PojKr  cartridgn, 

10, 000  rifle  ball  cartridges,  oaUber  .58. 

Metdllie  cartridges. 

300  Gatling  ball  cartridges,  caliber  1  inch. 
29, 845  rifle  ball  cartridges,  caliber  .SO.  , 

6,  OOO  rifle  blank  cartridges,  caliber  .50. 
300  pistol  ball  cartridges,  caliber  .50. 
1, 157, 470  carbine  ball  cartridges,  caliber  .45. 
2, 305, 865  rifle  ball  cartridges,  ciuiber  .45. 
243,  700  rifle  blank  cartridges,  caliber  .45. 
457, 516  revolver  ball  cartridges,  caliber  .45. 
46, 000  revolver  blank  cartndges,  caliber  .45. 
9,  (H)Q  multiball  cartridges,  caliber  .45. 
6, 500  revolver  ball  cartridges,  caliber  .44. 
1, 736, 210  small-arm  cartridge  primers. 

AmmuniUm  for  field  guns. 

10,989  blank  cartridges,  12-pounder  moantaiD  howitzer. 
16, 721  blank  cartridges.  Impounder  gun. 
6, 3!>6  blank  cartridges,  6-pouuder  gun.      '  ,-.  , 
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15, 511  blank  cartridges,  S-incli  gun. 

300  blank  cartridges,  1-poimd  charge. 
3,  d20  blank  oartridgea,  J-ponnd  charge. 
1, 000  electric  primers. 
84, 463  friction  primers. 
1, 016  fiises. 

6, 000  pounds  cannon  powder. 
10, 000  pounds  hexagonal  powdei. 
if  100  pounds  mammoth  powder. 
100  pounds  mealed  powder. 
21, 2843  pounds  mortar  powder. 
17, 551  pounds  musket  and  rifle  powder. 
12  portfires. 
70  quick  matches. 

0l,lS8  IX. 

1  stadia  bag. 
30  fencing  bayonets. 
6  blocks. 

1  half  block. 

2  sets  pulley  blocks. 
4  quarter  blocks. 

2  hand  carts. 

3  sling  carts. 
2  sling  chains. 
6  gun  chocks. 
6  roller  chocks. 

16  wheel  chocks. 

2  garrison  gins. 

6  hydraulic  jacks. 

3  lifting  Jacks. 

30  fencing  muskets. 
1  shifting  plank. 

1  platform,  4}  inch  gun. 

6  platforms,  siege  mortor. 

2  long  rollers. 
2  short  rollers. 

2  trace  ropes. 

1  sheave  for  sidge  giti. 
-   13  brass  stadia. 
1  silver  stadium. 

4  plane  tables. 
460  intrenching  tools. 

3  store  trucks. 

CLASS  X— II. 
1  axle. 

1  splinter  bar. 

2  bolsters. 

1  limber  fork. " 

3  gibbs. 

2  fever  catch  hooks. 
6  keys  and  cftaios. 
6  keys  and  pins. 

6  pintles  and  chains.  ^^  , 
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12  llnch  pins  and  waahers. 
6  stay  pins. 

2  tmnnion  plates. 
18  poles. 

9  pole  props. 

3  middte  rails. 
8  side  rails. 

2  poiutiug  rings. 

6  elevating  screws. 
10  sockets  for  eccentric  chassis. 

3  thills. 

36  liucb  washers. 
16  shonlder  washers. 
28  wheels. 

1  pole  yoke. 

6  keys  and  ch^ns,  Oatling  carriage,  caliber  JMX 

5  pintle  keys  and  chains,  Gatling  carriage,  caUber  JiO. 
12  keys  and  ])iua,  Gatling  carriage,  caliber  ,fiO. 

6  linch  pins,  Gatling  carriage,  (»uber  .SO. 
6  stay  plus,  Gatling  caniage,  eoliber  .50. 
6  washersj  Gatling  carriage,  caliber  .50. 

14  backet  rings  or  carriers,  Gatling  carts,  oalibcr  .45. 
6  extension  chains. 

6  plate  hooks. 
6  tug  books. 

8  shaft  props. 

2  outside  shafts. 

4  hasp  and  plate  staples. 
6  plat«  staples. 

6  saddle  shaft  tag  straps. 
6  single  trees. 
16  saddle  shaft  tags. 

1  wa«b«r  fo«  end  of  nMtit  ahaA. 

Class  X— III. 

12  belly  bands. 

2  artillery  bits. 
ff3  artillery  bridles. 

1  breeching  for  monntain  howitzax  hameM. 
10  bridles  for  monntain  howitzer  harness. 
312  brasK  plated  ba«Ue& 
1, 071  iron  roller  bncklea. 
25  collars. 
12  crappers. 

9  girths. 

1  lashing  girth. 
12  leg  guards. 
134  haters. 

9  rammer  heads,  3-inofa. 

4  rammer  heads,  12-poander. 

1  rammer  head,  laocnitain  howitscr. 

15  sponge  heads,  3-inch, 

4  sponge  heads,  12-poTinder. 
1  sponge  head,  moantain  howitzer. 
36  oold  shntlinks.  □,g„z.dbyGoOQle 
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4  loops  for  breast  straps. 
17  pole  pads. 

2  laeliiDg  ropes. 

69  rosettes  for  artillery  bridles. 
158  woolen  sponges,  3-inch, 
34  woolen  s^wngee,  4J-inch. 
21  wooleD  sponges,  B-ponnder. 
81  woolen  sponges  12-pouDder. 
26  woolen  sponges,  monntain  howits^. 

1  rammer  staff,  3-inclL 

4  staves,  I2-pouader. 

5  breast  straps. 
116  halter  straps. 

5  hame  straps. 
12  loin  straps. 
81  pole  straps. 

4  tompion  straps. 
12  trussing  straps. 

1  pair  tHKses  for  Gatling  oort  harness. 
16  traces  for  patent  splinter  bar, 
67  lead  traces. 
20  wheel  traces. 
12  valises. 
164  whips. 

Class  X— IV  amd  V. 

200  lOinch  sabots. 
200  lO-inch  tin  straps. 

Class  X— VI. 

Parts  Springfield  rifies,  ealff>er  M,  model  1866. 

20  ejector  springs. 

10  ejector  spring  caps. 

20  ejector  spring  cap  screws. 

10  binge  screw  nuts. 

10  thumb  pieces. 

20  thamb  piece  screws. 

Parts  Sprina/ield  rifle,  caliber  .50,  ffio^I11868. 

50  stocks,  complete. 

Parts  ^rin^ld  "Cadet"  rifle,  caliber  .46. 

6  butt  plates. 

5  ramrods. 

40  stocks,  wood  part. 

Parts  ^ringfiield  rifle,  eaUber  .46. 

916  lower  bands. 

1, 298  upper  bands. 

326  band  springs. 
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20  banA  swivels. 

15  band  swivel  pins. 

40  band  swivel  screws. 

14  barrela 

2  barrels  and  recovers. 
710  bayooeta. 
359  bayoDet  clasps. 
408  bayonet  clasp  screws. 
310  bayonet  clasp  stop  screws. 

52  breech  blocks. 
124  breech  block  caps. 
2, 669  breech  block  cap  screws. 

80  breech  screws. 
553  bridles. 

911  bridle  screws. 
43  bntt  plates. 

231  batt  plate  screws. 

110  cam  latches. 
2, 034  cam  latch  springs. 
3, 588  ejector  springs. 
1,  817  ejector  spring  spindles. 

130  ejector  studs. 

666  extractors. 
2, 712  firing  pina. 
2, 695  firing  pin  screws. 

261  firing  pin  springs. 

139  front  sights. 

104  gnard  bows. 

348  gnard  bow  nats. 

550  guard  bow  swivels. 
1, 200  guard  bow  swivel  screws. 
61  guard  plates. 

415  guard  screws. 

279  hammers. 

295  binge  pins. 
50  hinge  pin  studs. 
6  locks.  , 

81  lock  plates. 
1, 372  main  springs. 

1, 206  main  spring  swivels. 

281  main  spring  swivel  rivets. ' 

550  ramrods. 

130  ramrod  stops. 

393  rear  sights  (buckhom). 

112  rear  sights,  Ball's. 
1, 097  rear  sights. 

269  rear  sight  bases. 
1, 072  rear  sight  base  screws. 

359  rear  sight  base  springs. 

3<S5  rear  sight  leaves. 

691  rear  sigtit  joint  pins. 

479  rear  sight  slides. 

484  rear  sight  slide  spring 

660  rear  sight  slide  spring  rivets. 
1, 861  sears. 

836  sear  screws.  ^^  , 
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1, 335  sear  springs. 

573  sear  spriDg  screws. 

947  side  screws. 

648  side  screw  washers. 

210  stocks,  complete. 

792  stocks,  wood  part 

423  tang  screws. 

108  thumb  pieces. 
66  tips  for  stock. 
96  tip  screws. 

128  triggers. 

191  trigger  screws. 
2, 068  tumblers. 
1, 888  tumbler  screws. 

10  pistol  gripes  for  oBQcers' rifles,  caliber  .46. 

Parti  Springfield  oarbme,  caliber,  .46. 

135  bands. 
160  stacking  bands. 
2  band  springs. 
2  bairels. 
2  bridles. 
7  bridle  screws. 
159  breech  block  cap  screws. 

16  breecti  screws. 
■   70  bntt  plates. 
30  bntt  plate  covers  and  friction  springs. 
176  batt  plate  screws. 
30  butt  plate  springs. 
30  bntt  plate  spring  screws. 
2  cam  latches. 
186  cam  latch  springs. 
485  ejector  springs. 
215  ejector  spring  spindleB. 

6  eijector  studs. 
114  extractors. 

212  firing  pins. 

213  firing  pin  screws. 
125  firing  pia  springs. 
846  front  sights. 

575  front  sight  pins. 
200  front  sight  rivets 

25  front  sight  studs. 

36  guard  bows, 
1  giianl  plate. 

34  guard  screws. 
4  hammers. 

42  hinge  pins. 
140  main  springs. 
240  ramrods. 

14  sears. 

7  sear  screws. 
162  sear  springs. 

6  sear  spring  screws. 
73  side  screws. 
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745 

rear  sights,  complete. 

1,123 

rear  Bight  bases. 

150 

rear  sight  base  screw's. 

44 

rear  sight  base  springs. 

161 

rear  sight  leaves. 

42 

rear  sight  joint  pins. 

331 

rear  sight  slides. 

309 

rear  sight  slide  springs. 

345 

rear  sight  slide  spring  rivets. 

1, 335  stocks,  complete. 

360  stocks,  wood  part. 

1,  111  swivel  bars. 

1, 256  swivel  bar  rings. 

10 

40 

tang  screws. 

3 

thumb  pieces. 

36  tumblers. 

197  tumbler  screwB. 

5 

triggers. 

10 

trigger  screws. 

Parts  Sharps  earbine,  oaHber  .50. 

30  bands. 

30  band  springs. 

10  barrel  stndi. 

10  bridles. 

20  bridle  screws. 

5  butt  plates. 
30  butt  plate  screws. 
25  butt  stocks. 
10  extractors. 
20  firing  bolts. 
30  firing  bolt  screws. 

3  guard  plates. 
30  guard  plate  screws,  fitrnt 

5  gnard  plate  screws,  rear. 

6  hammers. 
6  levers. 

10  lever  catches. 

20  lever  catch  sorowfl. 

30  lever  catch  springs. 

30  lever  catch  spring  pins. 

30  lever  catoh  spring  sorewa, 

6  lever  keys. 
30  lever  key  stop  springs. 
40  lever  key  stop  spring  aorevs. 
30  lever  springs. 
40  lever  spring  screws. 

S  lock  plates. 
10  main  springs. 
30  main  spring  screws. 

10  nose  caps.  * 

20  nose  cap  screws. 

5  pateh  box  lids. 
16  primer  oovers. 

DigitzedbyGOOgle 


KEPOBT  OF  THE  CHIEF  OF  ORDNAKCE. 

30  primer  cover  pins. 

15  primer  Bhatrolf  screws. 
22  primer  slides. 

20  primer  Bpriug  screws. 

10  rear  sight  bases. 

40  rear  sight  elevator  screws. 

10  rear  sight  leSrVes. 

30  rear  siglit  joint  plus. 

20  rear  sight  slides. 

20  rear  sight  springs. 

40  rear  sight  spring  screws. 

16  sears. 

30  sear  screws. 
20  side  screws,  front 
20  side  screws,  rear. 
15  slide  screws. 
30  swivel  bars. 
60  swivel  bar  rings. 
60  swivel  bar  screws. 
30  swivel  bases. 
60  swivel  screws. 

25  tip  stocks. 
10  toggles. 

20  toggle  screws. 
10  triggers. 

20  trigger  screws. 
10  tumblers. 

15  tumbler  stirrups. 

30  tombler  stirrup  screws. 

Parts  of  HotohJcua  magaxine  arms,  caliber  .45, 

100  cartridge  stop  pins. 

100  cat  ofFs. 

100  extractors. 

100  firing  pin  screws. 

40  magazine  springs. 

40  main  springs. 
100  trigger  pins. 
100  trigger  spring  screws. 

Porta  of  OoUt  revotven,  ealiber  .45. 

21  back  straps. 

198  back  strap  screws. 
145  bolt«. 
136  bolt  screws. 
361  center  pins. 
226  center  pin  bushings. 
406  center  pin  cattih  screws. 
84  center  pin  screws. 

26  cylinders. 
266  Rector  heads. 
144  ejector  rods. 

3  ejector  rod  heads. 
377  Rector  springs. 
163  Rector  tabes. 
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aoi  ejector  tube  screws. 

91  &iag  pins. 
106  flring  piQ  riveta 

10  frames. 

5U  front  sights. 

78  gates. 
213  gate  catches. 
213  gate  catch  screws. 

10  gate  latch  springs. 
22S  gate  sprlogs. 

36  goards. 
238  guard  screws,  long. 
248  gaard  screws,  short. 

76  hammers. 
12S  hammer  cams. 
128  hammer  rolls. 
128  hammer  roll  riTets. 
151  hammer  screws. 
128  hands. 
173  hand  springs. 
116  main  springs. 
163  main  spring  screws. 

50  recoil  plates. 

38  sear  springs. 
213  sear  and  stop  bolt  screws. 
160  sear  and  stop  bolt  springs. 
119  stocks. 

25  stop  bolt  screws. 

3^  triggers. 
148  trigger  screws. 

Parti  of  BdhofieWa  8mi&  and  Weaaon  revolver,  caliber  .46. 

IS  barrel  cateh  spring. 

3  cylinder  catoti  cams. 

6  cylinder  catch  cam  screws. 
18  cylinder  cateh  screws. 
18  extractors. 
18  extractor  springs. 
18  extractor  stems. 
18  hand  springs. 
28  main  springs. 
18  pawl  springs. 

5  stop  bolts. 
13  stop  springs. 
18  strain  screws. 
25  triggers. 

25  trigger  springs. 
2  musician's  sword  scabbards. 
1  tip  for  musician's  sword  scabbard. 

6  officer's  nickel-plated  swoid  scabbards. 
6  trowel  bayonet  pings. 

clabsx— vn. 

472  saber  belt  attachment. 
400  linen  bags  for  saddle  bags. 
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12  cnrb  bita. 
1, 29;j  halter  bolts. 
891  assorted  buckles. 
14, 268  brass  bar  buckles. 

60  braes-plated  boflkles. 
1, 543  brass  wbe  buckles. 
3, 03C  iron  bar  buckles. 
3, 832  iron  roller  buckles. 
2, 417  canteen  corks  and  chains. 
409  halter  chains. 
105  curb  chains  and  safes. 
2, 091  canteen  covers. 
1, 600  brass  D's  for  cartridge  belts. 
2, 386  side  line  fasteners. 

60  brass  tips  or  ferrules  for  trowel  bayonet  BcabbftnL 
90  bridle  headstalls. 
620  halter  headstalls. 
140  brass  saber  snap  hooka. 
700  stirrup  hoods. 
40  ^nsling  hooks. 
512  sweat  leathers. 
140  curb  strap  loops. 
36  iron  stirrup  loops. 
2, 916  ovals. 

100  mouth  pieces  for  curb  bits. 
171 J  gross  escutcheon  screw  piss. 
200  escutcheon  plates. 
10  curb  bridle  reins. 
20  watering  bridle  reins.  • 

4, 836  brass  rings. 
1, 764  D  rings. 
3, 141  halter  rings. 
1, 361  iron  rings. 

95  leather  seats  for  canras  saddle  bags. 
532  shields. 

200  slides  for  saber  belt  attachment. 
36  soaps  for  links. 
367  snaps  for  side  linee. 
38^  gross  spring  snaps. 
1, 3T5  baiter  squares. 
2, 706  brass  foot  staples. 
5, 796  brass  staples  for  rings. 
1, 000  coat  strap  stops. 
1, 002  blanket  bag  straps. 
6, 815  canteen  straps. 

45  cartridge  belt  straps  with  brass  tips. 
120  cincha  straps. 
3, 995  dotbiug  bag  straps. 

3. 025  coat  straps. 

4  crupper  and  bopk  Vtra^if. 
90  curb  straps. 

4. 026  halter  straps. 

335  halter  hitebing  stRi^. 
3, 345  haversack  straps. 
3  hook  straps. 
51  girth  straps. 
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S32  saddle  bag  stnds. 
1  cavalry  saddle  tree. 
2, 644  yards  linen  webbing,  4  inches  wide. 

168  yards  linen  webbing,  4J  inches  wide. 
1,687  yards  linen  webbing,  7  J  inches  wide. 

600  yards  woolen  webbing,  4  inobee  vide. 

Class  X— vm 

738,000  bullets,  caliber  .45. 
i,  300  cartridge  bags  for  6-pounder  gon. 
7, 450  cartridge  bags  for  12-ponndBr  gun. 
1, 299  cartridge  bags  for  12-ponnder  mountain  howitzer. 
1, 000  cartridge  bags  for  24-pounder  howitzer, 
2,500  cartridge  bags  for  30-poander  gun, 

500  cartridge  bags  for  100-ponnder  gun. 
50  cartridge  bags  for  200-ponnder  gun. 

500  cartridge  bags,  assorted. 
2, 200  cartridge  bags,  ^-ponnd  charge. 
2, 000  cartridge  bags,  l*-pnunds  charge. 
1, 000  cartri<lge  bags,  2-poiind8  charge. 
6, 5.50  cartridge  bags  for  3-inch  gnn. 
1, 115  cartridge  bags  for  4J-inch  gun. 
80  cartridge  bags  for  8-inch  gun. 

745  cartridge  bags  for  10-inch  gun. 

PABT  SBOOHD. 

50  yards  barlaps. 
30  feet  carding  cloth. 
-,  l"i2  pioceti  card  clothing. 
55  yards  cotton  cloth. 
79^  ponnds  sash  cord. 
99  pounds  waste  cotton. 
1  pound  hemp,  packing. 
60  pounds  marline. 
1, 59fi  ponnds  assorted  rope. 

18  ponnds  assorted  thread, 
903  poundB  patent  linen  thread, 

334Yy  poands  saddler's  thread. 
6991  i)ounds  shoe  thread. 

10  iwonds  tow, 
320J  pounds  twine. 
li  poands  woolen  yam. 
6  spring  bolts. 

19  ponnds  burrs. 
9G  butts. 

369  toe  calks. 

60  pressare  discs. 

36  hinges. 

859  pounds  bar  iron. 
JUi  pounds  cast  iron. 
100  pounds  hoop  Iron. 
141  poands  plate  iron. 
'■^i  poands  copper  nails. 
1, 035  pounds  horseshoe  aails. 
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750  poundy  iron  uails. 
7, 872  saddle  nails. 

15  pounds  tmnk  nails. 

23Sjf  poimdct  bra,ss  rivets  and  barra. 
812^  pouudb  copper  rivets  and  burrs. 
164  pounds  iron  rivets  and  borrs. 
232  gross  brass  screvs. 
45  gross  iron  screws. 
1  pound  iron  aorews. 
10, 558  horseshoes 
47J  pounds  solder. 
1  pound  spelter. 
161  pounds  bar  steel. 
763  ponnds  copper  tacka. 
664  papers  iron  tacks. 
325i  ponnds  iron  tacks. 
50  sheeta  tin. 
7i  pounds  copper  wire. 
33  poiuds  iron  wire. 

16  sheeta  zinc. 

60i  feet  alum  tfuiaed  leaUier. 

6  sides  alum  tapned  leather. 
65  feet  belting  leather. 

1^  227i  Hides  bridle  leather. 
50  feet  buff  leather. 

7  sides  collar  leather. 

27, 704}  pounds  harness  leather. 
150  leather  pieces. 
300  leather  straps. 
11^  pounds  calfskins. 
47  chamois  skins. 
3, 424  feet  boards. 
845  feet  plank. 
418  feet  scantling. 
2, 331  feet  timber. 

4  boxes  elastic  bands. 
12  assorted  books. 
274  instruction  books. 
1  box  crayons. 
,  1, 600  envelopes. 


4  boxes  paper  iaateners. 
2  pieces  India  rubber. 
8  bottles  black  ink. 

4  bottles  red  ink. 

5  bottles  mucilage. 

20  sheeta  blotting  paper. 
65  quires  cap  paper. 
480  sheeta  drawing  paper. 
10  quires  envelope  paper. 

1  quire  folio  paper. 
140  quires  letter  paper, 

2  reams  note  paper. 

48  quires  wrapping  paper. 
74  lead  pencils. 
1  gross  metallic  pens. 
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6  penbolders. 

2  bottles  potmce. 
500  paper  tags. 

11  poDQds  Dinriatic  acid. 
45  poandB  Halphoric  add. 
63  gallons  alcohol. 
100  poandB  gnm  arable. 
161fi  pounds  beeswax. 
306|  pounds  blackwax. 
4St  quarts  leather  blacking. 
10  pounds  borax, 
76  bath  bricks. 
4  ounces  brisUes. 

4  pounda  camphor. 
21  pounds  candles. 

5  pounds  chalk. 

200  pounds  pulverized  charcoal 
30  quires  croons  cloth. 
1, 209J  quires  emery  cloth. 
6, 563  ponnds  coal. 

3  pounds  copperas. 
24}  gallons  Japan  drier. 
ll|  poQDda  emeiy. 

40  pounds  glne. 
40  cans  axle  grease. 
iS&i  {KiundB  wheel  grease. 
278J,  gallons  lacker. 
2  ponnds  lacker. 
9  pounds  lampblack. 
600  pounds  red  lead. 
865  ponnds  white  lead. 
17  pounds  logwood. 

8  boxes  cleaning  material. 
16  pounds  polishing  materiaL 
73j  ponnds  scoaring  materiaL 
20J  quarts  browning  mixture. 
400  pounds  refined  niter. 
10  pounds  nntgalls. 
15  gallons  astral  oil. 

1  gallon  coal  oil. 

56^  quarts  cosmoliae  oil. 

6  gallons  harness  oil. 
4, 264  ponnds  harness  oil. 

80  gallons  kerosene  oil. 
8  gallons  lard  oiL 
659^  gallons  Unseed  oil. 
34  gallons  mystic  oil. 

2  gallons  naiad  oil. 
120  gallons  aeatsfoot  oil. 

677}  gallons  sperm  oil. 
2  gallons  sweet  oil, 
1,  OOC  pounds  black  paint. 

84  pounds  lead-color  paint. 
1, 810  pounds  metallic  paint. 
2, 590  ponnds  olive  paint. 
840  pounds  red  paint. 
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21^J  quires  emery  paper. 
750  pouuds  liiboratory  paper. 
48  puiinds  log  papur. 
600  pounds  packing  paper. 
240  iHnrnds  petroleum  paper. 
160H  quires  saud  paper. 

12  pouudB  wrapping  paper. 

6  pouuda  leatlier  polisli. 
'22i  pouiid»  clilurate  of  potash. 
104  pounds  putty. 

3  pounds  rosiu. 
76  ]K>uDd8  gam  sbellac. 
2, 266  pounds  soap. 

1  quart  soldering  solution. 
91)}  pounds  apODge. 

20  pounds  pumice  stone. 
49Bi  pounds  rotten  stone. 
142  pounds  nitrate  of  strontia. 
300  pounds  flowers  of  salphar. 
200  ahipping  tags. 
128A  galloBB  coal  tar. 

5  pounds  gum  tragacanth. 
368  papers  tripoli. 

2  pounds  tripoU. 
556)  gallons  turpentine. 
.  77  gallons  varnish. 

10  pounds  vermilion. 
28  pounds  sealiDg  wax. 
10  gallons  whiskey. 
93)  pounds  whiting. 

2  carpenter's  adzea. 

3  an^s. 

20  leather  aprons. 
8  angers  aod  handles. 
714  assorted  awla. 

4  peg  awls  and  bandies. 
47  saddler's  awls. 

2  seat  awls  and  handles. 
99  stitching  awls. 
2  stab  awls  and  handles. 

7  assorted  axes. 
1  broad  ax. 

24  felling  axes. 

1  baud  ax. 

2  canvas  nail  bags. 

36  twgs  for  tachs,  wax,  Ac 

3  to^  bags  for  saddler's  and  smitit's  tools. 
1, 743  metallic  powder  barrels. 

642  wooden  powder  barrels. 

2  baskets. 

1  bell  with  hangings,  complete. 
1  table  beU. 

3  bevels. 
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98  asaorted  bits.  \ 

61  bits  for  brace. 
1  saw  blades. 

6  back-saw  blades. 
1  web-saw  blade. 

1  aaril  block. 

19  lead  poncbiog  blocks. 
1  copper  boiler. 

7  bottles. 

6  wooden  bowls. 

5  boxes  for  forge  and  battery  wagon  stores. 

1  box  for  Galling  gun. 

3  shoeing  boxes. 

12  assorted  iron  braces. 
248  com  brooms. 
297  assorted  brushes. 

4  counter  brushes. 
3  dnstiug  brushes. 

10  marking  brushes. 
235  paint  brushes. 

9  sash  brushes. 

20  wire  scratch  brosbes. 
3  ramish  bmshes. 

6  whitewash  bmshes. 

12  water  backets. 

46  galvanized  iron  water  buffets. 

2  buttresses. 
6  calipers. 

3  oil  cans. 
67  tin  cans. 

1, 612  powder  canisters. 

2  band  creasing  carriages. 
39  pricking  carnages. 

6  chamois-skin  sword  cases. 

3  channelers. 
637  arm  chests. 

2  forage  ohests. 

3  black  walnut  chests. 

11  tool  chests. 

31  assorted  chisels. 

13  firmer  chisels. 
1  framing  chisel. 

22  saddleHs  damps. 

1  steel  clomp. 
10  vise  clamps. 

1  clock. 

3  collets. 


4J^  WUipOOOtTO. 

9  finger  cots. 
2  countersinks. 
57  creasers. 
Idesk. 

6  reloading  dies. 
1  resizing  die. 
1  divider. 


2  tuming  dogs.  ^~~  , 

I  drift.  D,3„z.dbyGOOgle 
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17  oil  droppei-* 
'     1  featlier  duster. .  ^ 

1  steam  engine.     ^     . 

2  nail  extractors. 
16  primer  exiraotors. 

2, 16S  assorted  files. 
1  fleam. 
4  floats. 

1  copper  fonnel. 
1  fiimaces.  • 
4  carpenter's  gaages. 
10  draw  gauges. 
1  mortise  gauge. 
1  sa^tdlei^s  gauge. 
1  wire  gauge. 

16  gimleta. 

15  carpenter's  gouges. 

1  flnner  gouge. 

2  aaddlei'B  gouges, 

2  grindstones  with  arbors  and  waiaka. 
1  portable  grindstone. 

126  assorted  hammers. 
1  claw  hammer. 
1  cf^per  hammer. 

3  riveting  hammers. 
3  saddleHs  hammers. 
1  shoeing  hammer. 

1  adze  handle. 
258  awl  handles. 

3  patent  awl  handles. 
12  »x  handles. 

,85  file  handles. 

2  mattock  handles. 
6  pickax  handles. 
6  tool  handles. 

4  hardies. 
9  hatchets. 

1  bayonet  clasp  bolder. 

6  reaping  books. 
9  saddlePs  horses. 

17  stitching  horses. 
4  clenching  irons. 

18  riveting  irons. 

3  ronnding  irons. 

7  soldering  irons. 

1  jack  screw. 
255  assorted  knives. 

2  drawing  knivea. 

3  gauge  knives. 

4  half  round  knives. 

5  bead  knives. 
12  shoe  knives. 

6  shoeing  knives. 
12  splitting  knives. 

1  spirit  lamp  with  cap.  ,^  , 
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28  chalk  lines. 
89  padlocks. 
1  leatber  crea^iug  macliine. 

1  sewing  machiue. 

3  leather  splittiDg  inacliiues. 
4S  mallets. 

2  mattocks. 

7  tai>e  measures. 

4,955  assorted  needles. 

6  collar  needles. 

1  paper  bamess  needles. 
50  saddler's  needles. 

'  55  papers  saddler's  needles. 
58  nippers. 

2  sewing  palms. 
1  iron  pan. 

4  pickaxes. 

12  assorted  pincers. 
14  assorted  planes. 

1  foreplane. 
1  jackplane. 
1  moulding  plane. 
1  ptailister  plane. 
1  plow  plane. 
1  smoothing  plane. 
32  pliers. 
'660  wooden  plugs. 
'2  pokers. 

4  glue  pots. 
6  paint  pots. 
1  letter  press. 

1  saddler's  tool-pOQcb. 

5  pritchels. 

38  assorted  pnnches. 
16  bnllet  panches. 
68  hand  punches. 

2  reloading  panehcs. 
16  saddler's  punches. 
49  spring  punches. 

1  iron  rack. 

1  rake. 
'  88  rasps 

13  reamers. 

2  chalk-line  reels. 
1  riffler. 

4  wiping  rods. 
44  2-feet  rules. 

1  measuring  rule. 

1  iron  safe. 

25  assorted  saws. 

2  compass  saws. 
1  frame  saw. 

5  handsaws. 

1  rip  saw. 

2  tenon  saws. 

1  counter  scales.  ^  ■ 

1  letter  scales.  Digitzedbyf^TOOgle 
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1  platform  scales. 
13  scissors. 

1  barrel  scraper. 

1  box  scraper. 
41  screwdrivers. 

4  screwdrivers  for  brace 

1  screw  plate  with  dies  and  taps. 

2  scribers. 
18  scytliea. 

i  scytbe  snaths. 
9  assorted  seta. 

17  burr  or  rivet  sets. 
4  saw  sets. 

5()  shears. 
1  bench  shears. 
1  tinner's  shears. 
7  sickles. 

18  assorted  shovels. 

Ill  long-handled  shovels. 

1  smith's  shovel. 
26  slickers. 

t»  magazine  slipi»ei-s. 

1  safety  socket. 


.")  spokesbaves. 
17  sqnares. 

1  seal  stamp. 

4  sets  braes  stencil  cutters,  letters,  and  Hgures. 

1  set  steel  stencil  cutters,  letters,  and  figures,  J  inch. 

1  set  steel  stencil  cutt«rs,  letters,  and  figures,  J  i«eli. 

J  set  loop  sticks. 

3  die  stocks  and  dies, 

1  drill  stock. 
37  oil  stones. 
SO  sand  stones. 

6  scythe  stones. 
1  straight  edge. 

7  assorted  taps. 

82  thimbles. 
30  ticklers. 
69  tongs. 

33  claw  tools. 

83  edge  tools. 

180  sets  cartridge  reloading  tools. 
71  sash  tools, 

1  jiair  trammels. 
25  tubes  for  spriug  panch. 
17  assorted  vises. 

7  band  vises. 
12  blniHng  wheels. 

(J  emerj'  wheels. 
117  pricking  wheels. 

1  wheelbaiTOW, 

1  monkey  wTench. 
m)  screw  wrenches. 

1  wrench  for  vent  piece.  DigitzedbyCTOOglc 
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APPENDIX  D. 

Statement  of  ordnance,  ordnance  stores,  *t~c.,  distributed  to  the  militia  froin 
July  1, 187S,  to  June  30,  18Tt>,  under  sections  16U1  and  IG6~  Heriaeit 
Statutes  United  Stales. 

Class  I. 

6  6-pouiider  brooze  t^aa. 

i  light  12-pouiider  bronze  (ni)is> 

4  3-iiich  wronght-iron  rifled  guns. 
1  GatliDg  gun,  caliber  1  inch. 

Class  IL 

6  carriages  and  limbers  for  G-pounder  gun. 

5  carriages  and  lim))ers  for  light  12-pounder  gnus.       , 
4  carriages  and  limbers  for  3 -inch  gun. 

1  carnage  and  limber  for  Gatling  gun,  caliber  1  incli, 

7  caiseous  and  limbers  for  light  12-i>ounder  gun. 
4  caissons  and  limbers  for  3-mcb  gnu. 

Class  IIL 

2  sponge  buckets,  iron,  for  field  gous. 

1  tai'  bucket,  iron,  for  field  gnns. 

2  watering  buckets. 

30  feed  cases  for  Gatling  gnus,  caliber  1  inch. 
10  gunners'  haversacks. 

8  gunners'  gimlets. 
14  hands] tikes,  trail. 

25  sets  of  artillery  harness,  2  horses,  wheel. 
22  sets  of  artillery  harness,  2  horses,  lead. 
76  lanyards  for  friction  primers. 
4  pendalum  hausses. 

4  pendalum  hansse  seats. 
22  paulins,  12  by  16  feet. 
12prolonges. 

17  priming  wires. 

10  sponges,  woolen,  12-poaiider  gun.      i 

5  sponges,  woolen,  3-inch  gun. 

8  sponge  heads,  3-inch  gun.  * 

S  sponges  and  rammers,  6-ponnder  gun. 
8  sponges  and  rammers,  3-inch  gun. 

18  sponges  and  rammers,  12-poundcr  gan. 
8  sponge  covers,  O-pounder  gun. 

8  sponge  covers,  3-iDch  gun. 
10  sponge  covers,  12-i)oander  gun. 
84  tliumbstalls. 

4  tomi»ion8,  for  3-inch  gnn. 

4  tompioiis,  for  12-pounder  gnn. 

fl  tow  hooks. 
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10  tabe  poaches. 

13  vent  covers. 
5  vent  punolies. 
i  artillery  wbips. 

1  worm  and  staff,  for  0-poiinder  giio. 

2  worms  and  staves,  for  12-i>ouiider  gun. 

Class  V. 

60  6-iH)under  shot,  strapped. 

20  3-iucli  shot,  fully  prepared. 

GO  12-pouuder  shot,  strapped. 

'.i2  12-pounder  shot,  fixed. 

16  12-pounder  shells,  fixed. 

40  3-inch  case  shot,  fully  prepared. 

32  12-pounder  case  shot,  fixed. 

!K)  3-inch  canister,  fully  prepared. 

25  6-iH>under  canister,  filled  and  fixed. 

44  12-pounder  canister,  filled  and  fixed. 

Claks  VI. 

Jlreech-loading. 

241  Springfield  rides,  caliber  .60. 
5,  269  Springfield  rides,  caliber  .43. 

1  Springfield  lifie,  officers'  model,  caliber  .45. 
319  Springfield  carbines,  caliber  .45. 

40  Spencer  carbines,  caliber  .50. 
3.S0  Smith  and  Wesson  revolvers,  caliber  .44. 
612  Schofield  Smith  and  Wesson  revolvers,  caliber  .45, 
i,  030  Colt'a  revolvers,  caliber  .45. 

14  officers'  swords,  with  two  scabbards. 
245  light  artillery  sabers. 

130  light  cavalry  sabers. 
114  non-commissioned  officers'  swords. 
12  bayonett)  for  caliber  .45  rifles. 

Class  VII. 

200  sets  infantry  accoutermetits. 
1  valise. 

290  saber  belts  and  plates. 
60  saber  knftts. 

100  brace  yokes  and  stay  straps. 

110  non-commissioned  officers'  sword  belts  and  plat^. 

200  haversacks  and  straps. 
51  carbine  slings  and  swivels. 

200  carbine  cartridge  pouches. 

550  pistol  cartridge  pouches. 

750  pistol  holsters. 
3,  392  steel  bayonet  scabbards. 

200  leather  bayonet  scabbards. 

530  cartridge  boxes,  caliber  .50. 
3, 470  cartridge  boxes,  caliber  .45. 
3, 337  gnn  slings.  ^~.  , 
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3, 700  waist  belts  and  plates. 
40  8et«  liorse  equipments. 
2'.i  curb  bridles. 
10  watering  bridlps. 
390  cavalry  saddles. 

4  artillery  drivers'  aaddlon. 
100  girtbs. 

10  balterB  and  straps. 
10  pairs  saddle-bags. 
30  saddle  blankets. 
25  felt  saddle  clotliR. 
2  sweat  leathers. 

Class  VIII. 

458  blank  cartrid^^es  for  S-iuob  gun. 
700  blank  cartridges  for  liglit  12-]K>under  guu.  - 
5, 000  elongated  ball  cartridges,  paper,  calibre  .54. 
10, 000  elongated  ball  cartjndges,  paper,  caliber  .58. 
1, 139, 000  rifle  ball  cartridges,  caliber  .50. 
416, 000  rifle  ball  cartridges,  caliber  .45. 
500  miiltibail  cartridges,  caliber  .45, 
12, 000  carbine  ball  cartridges,  caliber  .50. 
12, 300  carbine  ball  cartridges,  caliber  .45. 
1, 200  pistol  ball  cartridges,  laiiber  .44. 
7, 400  pistol  ball  cartridges,  caliber  .45. 
2, 000  ball  car^dges  for  Gatlin^  gun,  calilwr  1  ineb. 
27, 000  rifle  blank  cartridges,  caliber  .50. 
64, 000  rifle  blank  cartridges,  caliber  .45, 
600  2>ounds  cannon  powder. 
2, 000  pounds  mortar  i»owdor. 
1, 750  friction  primers. 


4, 000  percussion  eai>s. 


Class  X. 


9  spare  wbeels. 
31  pole  pads. 
4  pairs  pole  straps. 

2  spare  jioles. 

Spare  2>arts  for  Sprinn/ield  rijtc,  caliber  .50. 

1  stock, 
153  firing  pins.  ^ 

111  firing  pin  springs. 

3  cam  latch  sitriugs.  ^ 
6  breech  screws. 

0  upper  band  swivels. 

50  buckhom  sights  complete. 

^are  parU  /or  Springfield  rifie,  eoHber  .45. 

11  st4)cks. 

4  tips. 

1  ramrod.  ,— .  . 
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1  ramrod  stop. 

0  baad  springs. 

2  side  screw  wasliers. 
'2  butt  plates. 

4  batt  plate  screws. 

1  bridle. 

14  band  screws. 
1  bayonet  clasp  screw, 

3  breech  block  cap  screws. 
SOO  flriDg  pins. 

500  firing  pin  springs. 
1  gnard  bow  snivel. 
1  guard  bow  swivel  screw, 

7  guard  screws, 
ifock. 

8  lower  bands. 
6  npper  baods. 

1  apper  band  swivel. 

1  apper  guard  screw, 

4  rear  sights, 

3  rear  sight  bases. 

4  rear  sight  base  springs. 
20  rear  sight  joint  screws, 
14  rear  sight  base  screws. 

204  real  sight  leaves. 
24  rear  sight  leaf  screws. 
221  rear  sight  slides. 

2  sear  springs. 
6  side  screws. 

123  tumblers. 
37  tambler  screws. 
4  tang  screws. 

MiSCELLAITEOns. 

1  felling  ax.  •  , 

1  pickax. 

1  long-handled  shovel. 
1,000  Hoffman  attachments. 
1  primer  ejecting  machine, 
1  powder  charging  machine. 
1  resizing  machine. 
1  pressing  and  crimping  machine. 
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Statement  of  ordnance,  ordnance  ttoret,  <£c.,  distributed  to  oolUget  and 
vnirersities  from  July  1,  1878,  to  June  30,  1879,  ur^der  section  1223 
SevUed  IStatuteg  United  States,  as  amended  by  act  a^rored  July  5, 1876. 


4  fi-pottnder  bronze  guns. 
G  3  incli  wroQglit  irou  guns. 

Class  II. 

2  6-i>oniider  gun  carriages  and  limbers. 
6  3-iilcti  gnn  carriages  and  limbers. 
2  caissons  and  liml^^  for  6-poTmder  gans. 
4  caissons  and  Umbers  for  3-inch  guns. 

Glass  m. 
10  gunners'  barersacks. 
10  bandspikes. 

30  lanyaixlfi  for  fiiction  primers. 
10  priming  vires. 

8  paulins,  12  by  15  feet. 

1  3-inch  pendulum  hausse. 

1  seat  for  pendulum  hausse. 

1  pouch  for  pendulum  hausse. 

4  sponges  for  6-poQnder  gun. 

4  sponge  covers  for  6-ponnder  gun. 
16  sponge  covers  for  3-inch  gun. 

6  sponges  and  rammers,  6-pounder  gun. 
18  sponges  and  rammers,  3-inch  gun. 
20  thumbstalls. 

6  tompions,  S-inch  gun. 
10  tube  pouches. 
10  veut  covers. 

Class  VI. 

667  Springfield  "cadet"  rifles,  caliber  .45. 
28  nou-commissioned  ofBcers'  swords,  steel  scabbards. 

Class  VII. 

8  non-commissione<l  offlcdra'  shoulder  belts  and  plates. 
30  saber  belbs  and  plates. 
667  steel  bayonet  scabbards. 
667  cartridge  boxes,  caliber  .4d. 
6C7  waist  belts  and  plates. 
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Class  VIII. 

1. 150  blank  cartridges  for  6-ponuder  guii. 
300  blank  cartridges  for  S-incb  giin. 
100  blank  cartridges  for  12-poimder  gun. 
1. 000  rifle  ball  cartridges,  caliber  .50. 
1, 000  rifle  ball  cartridges,  caliber  .45. 
J.  500  carbine  b^  cartridges,  caliber  .50, 
UK  500  carbine  ball  cartridges,  caliber  .46. 
7,500  rifle  and  carbine  blank  cartridges,  caliber  .50. 
11. 500  rifle  and  carbine  blank  cartridges,  caliber  .45. 
5. 550  friction  primers. 
100  poands  mortar  powder, 
10  time  fuses  for  8-inch  mortar  shells. 
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APPESUIX  F. 

JStatement  of  ordnance  stores,  &c.,  distributed  to  the  Territories  and  States 
bordering  thereon,  from  July  1, 1878,  to  June  30, 1879,  under  the  joint 
resolutions  of  July  3, 1870,  March  3, 1877,  and  June  7,  1878,  and  the 
act  of  May  ie,imS. 

2, 470  Springfield  rifles,  caliber  ,50. 
170  leather  bayODCt  Bcabbards. 
470  cartridge  boxes,  caliber  .58. 
470  gun  slings. 
470  waist  belta  and  plates. 
123,  ."WO  rifle  ball  cartridges,  caliber  .50. 
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APPEXUIX  G. 


SiHlemeat  of  ordnance  and  ordrtance  stores,  «tt'.,  Usucd  to  the  Ejaiiliee 
Departments,  under  the  provisions  of  the  act  of  March  3,  1879. 


8  Sprin^eld  rifles,  caliber  .50. 
lot)  Spriiigtteld  riiles,  caliber  .46. 
12  Springfield  carbines,  caliber  AX 
i'M  Colt'a  revolvers,  caliber  .45. 

Class  VII. 
IIM)  cartridge  boxes. 
-JO  pistol  holsters. 
'iLii  waii4t  belts  and  plates. 

Class  VIII. 


4(tO  rifle  ball  cartridges,  caliber  .50. 
f;  000  ride  ball  cartridges,  caliber  .45. 
17,600  revolver  ball  vaitridges,  caliber  .4,"i. 
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REPORTS  OF  THE  OOXSTRUOTOR  OF  OEDNASCE. 

Office  of  the  Consteuctob  op  Oednabce, 

A'e«f  York,  October  2,  1879. 
SiE :  I  have  the  honor  to  inclose  herewith  reports  ou  the  coDstmetioir 
of  the  following -named  ordnance,  to  wit: 

11-inch  inuzzle-Ioadiug  rifle,  converted  from  a  Ifl-inch  smooth  bore 
Hmlmaa  gnn,  breech  insertion  of  lining. 
3-inch  hreech-loading  ritle. 
3. 17  inch  mnzzle-loading  chambered  rifle. 
3. 16-inch  muzzle-loading  rifle,  "  rapid  twist." 

Also  reports  on  gas  checks  for  breech-loading  nflea,  and  the  alterii- 
ation  made  in  the  traverse  gear  of  the  12-inch  rifle  chassis. 

The  above  comprise  all  the  experimental  giuis  which  have  been  con- 
Rtnict«d  under  the  supervision  of  this  ofliee  up  to  date,  and  since  the 
date  of  my  last  reports  published  with  the  report  of  the  Chief  of  Ord- 
niince  for  the  year  1878. 

I  am  largely  indebted  to  the  services  of  Capt.  Charles  S.  Smith  and 
Lieut.  C.  W.  "Whipple,  of  the  Onlnance  Department,  in  the  compilation 
of  these  reports  from  the  data  on  the  flies  of  this  ofAee. 
Very  respectfully,  your  obedient  servant, 

S.  CRISPIX, 
Bvt.  Col.  XI.  8.  A.,  Lieut.  Col.  of  Ordnance, 

Constructor  of  Ordnance. 
The  Chief  op  Ordnance,  U.  S,  A., 

Wanbitujton,  J).  C.  * 
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APPENDIX  H. 


(Oue  plate.) 

PBELIMINABV  REMARKS. 

The  eonversioD  of  this  gan  was  undertaken  in  consequence  of  tlie  bhc- 
ceaa  which  attended  the  conversion  of  8-inch  muzzte-Ioading  ritie  No.  1, 
B.  L ;  and  the  details  of  coDBtmction  and  fabrication  incident  to  this 
tatter  gan  were  followed  in  the  ll-inch,  modified,  however,  to  the  extent 
demanded  by  the  increased  sizes  of  all  the  parts.  . 

The  only  important  feature  which  distinguishes  the  11 -inch  from  it» 
smaller  prototype  (8-inch  B.  I.)  consists  in  the  introduction  of  a  wrougltt- 
iron  sleeve,  which  unites,  by  means  of  screw-threads  on  its  inner  and 
outer  sorfeces,  the  cast-iron  breech-plug  and  the  breech  portion  of  the 
jacket.    (See  plate.) 

It  was  found  impracticable  with  existing  facilities  to  make  the  breech 
pmtion  of  the  jacket  thick  enough  to  sufficiently  overlap  the  bottom  of 
the  tube  and  exterior  of  its  breech  cup ;  but  by  the  introduction  of  the 
wrongbt-iroD  sleeve  this  important  condition  is  practically  secured. 

DBSCEIPTION  OP  GrN, 

Plate  I  represents  in  section  the  principal  details,  which  are  as  follows : 
the  original  15-inch  smooth-bore,  bored  out  to  receive  the  lining;  a 
tube  of  coiled  wrought  iron  (welded),  closed  at  bottom  by  a  wrought  iron 
cup ;  a  hollow  wronght-iron  jacket  shrunk  upon  the  rear  of  the  tube  and 
projecting  in  rear  of  it  to  the  face  of  the  breech ;  the  cast-iron  breech- 
plngaod  its  WTOught-iron  sleeve;  the  muzzle-collar;  the  8ecuriiig-i>in8 
aoA  the  gas-escape. 

It  was  desigued  leaving  the  bore  of  the  casing,  for  a  length  of  94.5 
inches  ftom  me  muzzle,  at  its  original  diameter,  but  the  discover}'  of  an 
eooeutricity  necessitated  its  being  bored  out  to  15,219  inches;  conse- 
<|uently  for  this  length  the  tube  is  2.1005  inches  thick — its  least  thick- 
ness— while  the  thickness  of  the  tube  and  jacket  over  the  seat  of  the 
charge  is  3.75  incites. 

For  the  puriiose  of  correcting  muzzle-preponderance  the  axis  of 
the  tmunions  was  moved  0.5  inch  toward  thf  muzzle,  by  reducing  eccen- 
trically the  diameter  from  15  to  11  inches. 


The  rifling  of  the  gun  consists  of  19  lands  and  grooves : 

Width  of  lands,  0.911!15  inch. 

■Width  of  grooves,  0.908  inch. 

Twist  uniform,  one  turn  in  60  feet. 

Tl^  rifling  stops  at  a  point  20  inches  fhim  the  bottom  of  the  bore,  and 
the  diameter  of  the  unrided  portion  of  the  bore  is  equal  to  that  of  tlie 
rifled  portion  across  lands. 


BKFORT  OF  THE  CHIEF  OF  ORDNANCE. 


The  old  veut  watt  clo8e<l  (the  copiter  biinliiit^  Iiuviug  beea  reniovL'd) 
by  »  wroiight-iroD  screw-plug,  and  a  new  vent  was  made  at  a  diHtam-f 
of  9.5  iiiclieH  from  tlie  bottom  of  tLe  bore,  and  2.o  incites  to  tbe  Ictt  of 
the  verti4-al  plane  through  the  axis  of  the  bore. 

fahricatios. 

The  tube  was  mauufactureti  and  work  of  eonversiou  piTfoniiwi  at  the 
West  Point  Foaudery ;  the  gun  sele<;te(l  tor  the  conversion  was  1  j-int-h 
Uodnian  smooth-bore  Xo.  11^,  manufactured  at  the  South  Boston  Found- 
erj  in  18(i5. 

Up  to  this  time  no  tube  had  been  made  which  required  the  manip- 
ulation of  ii-on  larger  than  tlint  used  in  jackets  for  S-inoh  tul>e8;  and 
tlie  cai>a(Uty  of  the  plant  had  to  be,  (X)usequeQtly,  considei-ablj~  increased. 

In  addition  to  new  mandrels,  weldiug-itots,  au\-ilH,  dies,  &c.,  cranes 
were  strengthened,  t^imaces  eularge<l,  and  new  appliances,  such  as  ci'oss- 
heads  and  ixhIs,  screw  and  head,  butt  staves,  &c.,  made  fur  the  press- 
liiniaee. 

Imi>ortaut  alterations  were  also  made  in  the  riHiiij;  and  other  machines. 

The  tube  was  made  of  ''A"  <)ualit.v  L'later  tulKt-iixjii ;  the  jacket  of  "  K  " 
4|nality  Ulster  tube-iron ;  and  the  forginj^  for  hrwfh  end  of  jacket  from 
"A"  (piality  Ulster  product. 

The  following  results  were  obtained  by  mechanical  tA-atH  of  the  iron 
used. 

The  specimens  of  wmught  iivn  were  taken  from  the  bar  and  with  the 
Hber. 
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The  tube  was  made  of  six  coiled  sections. 

Tlie  inm  a»  received  from  rolliug-niill  was  as  toHows : 

For  two  rear  st-ctions,  6  bars,  2,75  inche.s  sijuare,  20  feet  long. 

For  following  (or  middle)  section,  3  bars,  3.00  inches  square,  19  (i'l'l 
8  inches  long. 

For  three  forward  sections,  d  bars,  2.7.1  inelios  square,  21  feet  4  inches 
long. 

These  baw  were  weldwl  together  in  si-ts  of  thi-ce  for  each  section. 
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For  tlie  tw4\rear  sections  the  bars  were  coiled  over  a  9.5-iucli  mandrel, 
aiHl  sabsequeutly  welded  in  tlie  following  "  pots  ": 

F„  tot  heat:  {  ^f  SSS  Ig  S£  !  "  «'-»'-  "'«'■■ 

For  the  middle  section  the  1)ar  was  coil^  over  a  10-incli  mandrel,  and 
ffeliled  in  the  folloning  "pots": 

F„  »».  heat:  j  J^  J'-*';  J^  j-S  \  ><«'"<""»  -IS"- 

For  three  forward  sections  the  biirs  were  coiled  over  a  10-inch  mandrel, 
;iud  welded  in  the  following  "pota": 

Fo,  fi,«  heat:  {  a^-  SSJ:  IJi  Ss  1  "  «"-"»  "«'■• 

F.r  »»nd  h»t :  5  Kj  SS;  J^f  2S  !  "  «  --  ""•"'• 

AH  of  the  sections  were  then  rough-bored,  faced,  and  prepared  for 
tabe-welding  in  the  usual  mannei';  the  middle  section  being  turne<l 
down  for  a  length  of  about  8  inches  on  either  end,  iii  order  to  accom- 
modate it  to  the  smaller  diameters  of  tlie  two  contiguous  sections. 

The  jacket  was  made  in  three  sections ;  the  rear  one  fi'om  a  forged 
iron,  and  tlie  two  forward  ones  made  of  coiled  wrought  iron,  received 
&0D1  the  rolting-mill,  as  follows: 

For  front  section,  3  bars,  4"  X  3" .35,  hexagonal  cross-section,  19  feet 
8  inches  long. 

For  middle  section,  3  bai-s,  5J"  B<]u&re,  15  feet  4  inches  long. 

Each  of  these  sets  were  welded  together  to  form  a  single  biu-,  and  the 
lai^r  was  planed  to  the  usual  hexagonal  cross-section. 

For  the  front  section  the  bar  was  coiled  over  a  12J-inch  mandrel,  and 
welded  in  the  following  "  pota  " : 

For  second  heat : 

For  the  middle  section  the  bar  was  coiled  over  a  9J-ineh  mandrel,  and 
welded  in  tlie  following  "imts": 

F«.  «»„d  heat:  {  i'™-  Jj™*?;  Ill  ^'.  \  "  «  '""'"^  """■• 

Tlie  "  eheesc  "  used  in  each  case  wa«  aliout  i  inch  smaller  in  diameter 
tbiiii  tlie  pot,  and  about  10  inches  in  thickness. 

The  rear,  forged  sectiou  was  bored  to  10.5  iuches,  and  cut  to  a  length 
of  about  26  inches. 

The  middle  section,  which  was  al>oiit  SG  inches  long,  was  bored  for  a 
IpDgth  of  12  iuches  to  a  diameter  of  10.5  inches,  and  tor  the  remainder 
of  its  length  to  a  diameter  of  13.5  inches;  for  one-half  of  its  length  it 
Was  turned  down  on  the  exterior  to  a  diameter  of  aboiit  20  inches.  The 
front  section,  about  30  inches  long,  was  bored  to  13.5  inches  diameter. 

After  welding,  the  .jacket  waa  so  cut  as  to  throw  the  joint  l>etween  the 
■^r  and  middle  sections  at  a  distance  of  8  inches  from  the  base  of  the 
tube. 

The  tube  was  then  rough-bored  to  11  inches,  fitted  with  a  breech  cup, 
»ud  tnmed  down  to  receive  the  jacket. 

Joogle 


1  Upper  diameter,  20J  inches  |      ...  i,,,,,,™  i,:™!, 
i  Lower  diameter,  20*  inches  }  ^  ^^  ""-"^  "'S"* 
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The  jacket  was  bored  to  an  interior  diameter  of  about  .003  iucb  leas 
than  ttie  corresponding  diameter  of  the  tube,  roagh-torned  to  its  proper 
exterior  dimensions,  and  tlie  screw-thread  cut  in  its  breech  end  for  tlie 
wrought -iron  sleeve. 

Both  tube  and  jacket  were  then  proved  with  a  water  pressure  of  ISO 
pounds  to  the  square  iucb. 

The  jacket  was  then  ahmnk  upon  the  tube,  which  was  subsequently 
placed  in  the  lathe  and  finished  bored. 

Tbecasiiighsdin  the meau  time  been  prepared  as  follows:  A  "piercer" 
bad  been  run  from  the  muzzle  through  the  breech,  and  the  hole  thu.s 
made  gradually  enlai^ed  to  the  diameter  of  the  bore. 

The  guu  was  theu  reversed  in  the  lathe,  and  bored  out,  for  successivf 
lengths,  to  the  required  diameters.  After  the  screw-thread  had  liecn 
cut  in  the  breech,  and  the  recess  and  threads  cut  for  the  muzzle-collar, 
the  trunnions  were  turned  down.  Carefhl  measurements  were  then 
made  with  the  atar-gauge  of  the  entire  bore,  for  every  inch  of  length 
along  both  horizontal  and  vertical  diameters,  and  the  residts  plotted  on 
paper.  This  served  as  a  guide  to  the  workman,  who  turned  down  the 
tube  in  accordance  with  it.  The  wrought-iron  sleeve  was  then  screweti 
into  the  breech  end  of  the  jacket,  and  secured  there  by  two  small  screw- 
pins.  The  tube  was  theu  gradually  inserted  and  screwed  into  place, 
an  oi>eration  which  was  repeated  six  times  before  perfect  contact  of  all 
the  shoulders  was  obtained.  The  cast-iron  breech-plug  was  then  also 
screwed  into  jtlace  and  secured  by  a  pin;  the  muzzle  collar,  vent  bu.sh- 
ing,  and  four  securing  pins  inserted,  and  the  gas  channel  bored  througli 
the  casing  and  jacket. 

Table  No.  I  shows  the  relative  diameters  of  the  tnbe  and  jacket,  ami 
of  the  bore  of  the  casing. 

INSPECTION. 

Careful  inspections  were  made  of  every  detail  incideut  to  the  con- 
struction, and  the  gun,  after  completion,  finally  inspected,  accepted  as 
satisfactory,  and  shipped  to  Sandy  Hook  for  powder-proof. 

Principal  riimeMfoll*. 
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APPENDIX  H'. 
CONSTRUCTION  OF  A  3-IXCH   BREECH -LOADING  KIFLE. 

(Two  plates.) 

FRBLIMINABY    REMARKS. 

With  a  view  of  detenuiaiug  the  proper  charge  to  be  uaed  in  guns  of 
this  t-aliber  iu  service,  it  was  decided  to  eoudnct  a  series  of  experimeots 
with  a  3-iiicii  rifle  with  varying  charges. 

The  rifle  selectetl  for  the  experiments  was  altered  into  a  breech-loader 
to  secnre  that  unifi  irinitj-  iu  recording  pressures  which  the  use  of  a  fixed 
pressure-plug  a^sm-es;  also  for  the  i»uriiose  of  affording  an  opportunity 
of  establishing  certain  facts  iwrtaining  to  the  particular  mode  of  altera- 
tion employed,  and  to  give  additional  tests  to  the  system  of  coostruc- 
tion.  . 

The  pressure-plug  located  {see  plate)  in  the  breech-block,  is  easily 
removed  after  each  fire,  thus  aupjdyiug  a  reconl  of  maximnm  pressure* 
at  the  bottom  of  the  T)ore. 

DESCRIPTION. 

Plate  I  represents  iu  longitudinal  section,  a  3-inch  seirice  wronght- 
inm  gun,  cut  off  at  the  breech  to  a  length  of  63.15  inches,  and  bored  firont 
the  breech  to  receive  the  steel  breech-receiver,  which  is  united  to  it  by  a 
screw-thread. 

At  a  distance  of  1.7  inches  in  rear  of  the  wronght-iron  casing,  a  slot 
is  cot  in  the  breech-receiver  for  the  reception  of  the  breech-block. 

Plate  II.  The  steel  breech-block  is  constructed  on  the  sliding-wedge 
system.  The  front  face  is  i)eq)eu<licular  to  the  uxis  of  the  bore,  while 
the  rear  is  inclined  1°  30',  The  movement  is  regulated  by  two  guides 
in  the  slot,  which  work  in  corresi>onding  grooves  in  the  block  and  are 
parallel  to  its  rear  surface. 

The  front  of  the  block  is  hollowed  out  for  the  reception  of  a  steel" 
Itotlinan  pressure-plug.  Tlie  face  of  the  plug  performs  the  functions  of 
an  obturator-plate. 

The  ping  differs  iVom  the  ordinary  Itodman  constniction  in  the  use  of 
rectangular  shajied  copper  pieces,  instead  of  the  disks  commonly  used  ; 
also  by  the  plug  being  oi>ened  and  closed  by  a  screw-nut  at  the  bottom 
instead  of  at  the  top. 

The  only  mechanism  connected  with  the  breechblock  is  the  locking- 
screw,  which  is  placed  in  a  cj  lindrieal  recess  at  the  rear  of  the  block, 
and  locks,  when  the  block  is  in  |>osition,  into  a  female  thread  cut  in  the 
rear  face  of  the  slot  in  the  breech-receiver.  Two  of  the  three  threads  of 
the  locking-screw  are  partially  shem-ed  off,  in  order  to  allow  the  connec- 
tion between  the  screw  and  the  breech-receiver  to  be  made  or  breken 
during  the  manipulation  of  the  breech  block. 

In  other  resiwcts  the  breech-block  is  worked  by  hand,  the  wrench  of 
the  locking-screw  ser\~ing  as  a  handle  in  withdrawing  or  inserting  the 
block. 
As  an  examination  must  be  made  of  the  pressure-plug  after  each  dia- 
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charge,  no  cLain  or  other  attachmeut  is  uaed  for  limiting  the  outward 
movement  of  the  block. 

The  gas-checks  used  are  the  ordinaiy  Broadwell  rings  and  the  com- 
pound steel  and  copiwr  checks. 

RtFLINQ,  CHA3IBERING,  AKD  TEKTIKG. 

Ihe  riSiog  of  the  gnu  is  not  altered,  the  original  groores  heiog  simply 
continued  along  the  bore  of  the  steel  breech-receirer. 

Number  of  grooves  and  Uods 7 

Width  of  lands 0.5      Inch. 

Wtdtta  of  grooves O.S40iilch. 

Depth  of  groorea 0.075  inch. 

TwUt  aoifum,  one  turn  in  40  caliben. 

The  chamber  is  7.85  inches  long  and  3.15  inches  in  diameter.  Hhe 
limds  are  connected  with  the  chamber  by  a  bevel  of  1.1  inches.  At  the 
rear  the  chamber  is  enlarged  to  form  a  recess  for  the  gas-check. 

The  vent  is  in  a  vertical  plane  passing  through  the  axis,  and  is  at  a 
distance  of  1.3  inches  £h>m  the  bottom  of  the  Itore. 

FABRICATION. 

The  gun  selected  for  this  conver-sion  was  3-iiich  wrought-iroo  rifleNo. 
914,  and  the  work  was  iierformed  at  the  West  Point  Fouudery. 

llie  breech-block  and  breech -receiver  were  made  of  Midvale  steel. 
The  latter  ingot  was  rongh  turned  and  bored,  and  sent  back  to  the  Mid- 
vale  Works  to  be  tempei'ed  in  oil. 

Specimens  were  tested  from  both  ingots  {before  tempering)  with  the 
following  results : 


Spetimen. 

1 

% 

Inchtt. 

0.2M 

Povndi. 

The  original  gun  was  first  ent  off  at  the  breech,  bored  ont,  and  the 
screw-threiid  cut  for  the  reception  of  the  breech-receiver,  which  was  jn-e- 
pared  for  insertion  by  boring  and  cutting  the  plus  thread  on  its  forward 
end. 

The  breech-receiver  was  then  screwed  into  the  casing,  and  secured 
there  by  a  small  steel  pin  inserted  at  the  joint.  It  was  then  flnislied, 
bored,  chambered,  and  rifled. 

The  slot  for  the  breech-block  was  then  cut  out  in  the  slotting  machine, 
and  finished  by  hand  with  tlie  file;  and  the  different  parts  of  the  breech 
mechanism,  including  the  seat  for  the  pressure-plug,  were  comiileted  and 
fitted  and  united. 

INSPECTION. 

The  nsual  iu8i>ections  were  made  of  every  detail  incident  to  the  con- 
struction, and  the  rifle,  after  completion,  accei>ted  as  satisfoctory,  and 
Shipped  to  Sandy  Hook  for  powder-proof. 
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APPENDIX  W. 

CONSTRUCTION  OF  A  3.16-INCH  MUZZLE-LOADINa  BIFLE,  CHAMBERED. 

(One  plate.) 

PBELIMINABT  BEHABE8. 

TUi-s  gun  was  designed  with  the  view  of  funiisbtng  the  means  of  a 
[jntiiipl  and  iuespensive  investigation  of  the  advantages  of  the  employ- 
uii'Dt  of  a  iiowder-chainber  larger  thua  the  bore,  and  of  incieasiug  t£e 
li'ti}:tli  of  the  latter.  The  application  of  these  principles  to  a  larger  cali- 
Iwr  would  have  been  mora  satisfactory,  but  it  would  have  involved  a 
'U'lay  which  the  imiwrtance  of  the  subject  made  it  desii-able  should  not 
ix-cur. 

Tlie  iittention  of  the  department  was  incited  to  the  subject  of  chatU' 
Wml  rifies  in  "  Ordnance  Xotes"  Ko.  106,  and  the  principleii  and  prob- 
able rt-sults  discussed  in  that  paper  in  reference  to  a  proposed  1.5-iBcb 
breech-Ioadiag  rifle. 

The  same  general  features  then  recommended  regarding  the  details  of 
the  chamber  and  length  of  bore,  attain  in  the  altered  3.18-incb  rifle. 

The  bore,  it  will  be  seen,  is  30  calibers  long,  and  the  chamber  has  a 
length  of  la.04  inches  and  a  diameter  of  4.13  inches,  and  a  total  capacity 
of  (i.^i  pounds  of  powder. 

The  capacity  of  the  chamber  by  volume  is  186  onbic  inches,  and  allow- 
ing, say,  3:t  cubic  iuches  per  pound  of  powder,  it  can  acoommodate  5.63 
pounds.  The  charge  was  intended  to  vary  from  5  pounds  5  ounces  to 
5  pounds  13  ounces,  with  a  prqjectile  varying  in  weight  irom  10.5  pounds  - 
lo  1*2.5  )>ouuda. 

The  above-mentioned  charges  cover  cases  varying  in  the  employment 
of  from  35  to  32  cnbic  inches  of  ^soe  per  pound  of  powder  in  the  cliam- 
ber. 

The  calcnlated  initial  velocity  was  about  3,000  feet ;  and  the  estimated 
pressure  not  to  exceed,  say,  3i>,00U  ponuds  per  aqnare  inch. 

DESCEIPTION. 

Plate  I  represents  a  longitudinal  section  through  the  axis  of  the  trun- 
niunx,  showing  the  principal  details  of  the  finished  rifle,  which  are  as 
follows : 

The  original  3-iuch  ride,  bored  to  3.16  inches,  and  chambered  for  a 
length  of  15.01  inches  from  bottom  of  bore. 

Additional  piece  screwed  to  mazzle  end  of  rifle,  by  which  the  bore  is 
iiK.'rcu.se4l  in  length  from  65  inches  to  90  inches. 

Iteintbrcing  band,  shrunk  on  body  of  gun  over  chamber  to  increase  the 
tangential  strength  and  correct  the  muzzle  preponderance  of  the  altered 
rilli'. 


The  rifling  consists  of  seven  lands  and  grooves. 

WicUhof  icToovra 0.r*45 

Width  ..fUu<l»   0.57H 

f>>'[>t1i<if);rooTes 0.07B 

TwUt  uuilonn,  one  tuni  in  10  feet.  r 
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The  old  veat  waa  closed  (the  copper  bushhig  baring  beeo  removed) 
by  a  wrougbt-iron  scren^-plug,  aod  a  nen-  one  was  bored  ia  a  vertical 
plane  through  the  axis  of  the  bore,  and  at  a  diatauoe  of  6  iacbes  fh>m 
the  bottom  of  the  bore. 

FABKICATION. 

The  gun  selected  for  the  alteration  was  34nch  wronght-iron  rifle  ^o. 
820,  and  the  work  was  performed  at  the  We«t  Point  Foundery. 

The  reinforcing  band  aud  muzzle-piece  for  increasing  the  lengtli  of 
bore  were  both  made  of  Ulster  iron,  of  the  quality  useil  in  the  coiistnit'- 
tiou  of  tabes  for  d-inoh  converted  rifles.  The  band  was  made  from  a 
c«ile<l  section  designed  for  one  of  these  tubes,  and  the  mnzzle-piwe 
forged  from  scrap  iron. 

The  gun  was  rongh-bored  sufBcieutlj"  t«  remove  all  trace  of  the 
original  rifling,  and  waa  then  chambered.  For  this  purpose  a  tool  was 
nam  similar  to,  and  working  on  the  same  principle  aa,  the  ordinaiy 
rifting  tool. 

Tbe  chamber  wae  first  bored,  the  cut  commencing  at  the  bottom  of 
the  bore.  The  body  of  the  gunwas  then  turned  down  over  the  chamber, 
and  for  a  length  of  19  inches,  to  a  diameter  of  8.!>0T  inches,  and  the  gun 
subjected  to  a  water-proof  of  24)9  poonds  to  the  squtire  inch.  The  muz- 
zle was  then'  tame<l  dotni  and  a  aorew  thread  out  for  the  reception  of 
tlte  miizEle-pieee,  wbieli  had  in  tbe  mean  time  been  rou^-tnmed,  ruugh- 
boredf  and'  prepared  for  fitting.  After  the  musele-pieee  had'  b««n 
screwed  into  place,  two  small  pins  |  inch  long  and  0.5  indi  diameter 
w^^'inawtad'  at  the  joint  from  ^ther  aidC)  and  the  gnu  wAfr  then  flu- 
-  isbed,  borod,  and  lifidd. 

^nieTeinfbroing  baod'was  then  shmnk  on'(Bhrinkage'0.007  inob),  aud 
the  originid  vtnb  having  bean  pFevioasly  closed>  a  new  vent  wias  bored 
through  the  reinforcing  band. 

'  'OiB  ospal  ii)M)ection»  w«re  made  of  evjery  detail  iueident  to  the  con- 
struction, and  toe  ride,. after  completion,  finally  inspected,  accepted  as 
satisfoctory,  and  shipped  to  Sandy  Hook  for  powder-proof. 
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APPE>T)IX  H'. 

COSSTRCCTIOX   OF  A  3.17-ISCH  MUZZLE- LOADING  KIFLE,  HAPID  TWIST. 

PREHMI^irABY  BBMAKKS. 

The  fact  tliat  tUe  use  of  a  shorter  twist  tlian  now  attains  in  our  rifle 
Ijims  would  enable  us  to  sucwessfiilly  use  longer  projectiles  (expanding 
system)  than  the  present  ritlin};  iierniits,  has  long  been  recognized  by 
111*-  Jrdnance  Board,  and  the  subject  lias  only  been  delayed  by  the 
pressure  of  other  important  experiments. 

As  a  preliminarj*  and  iuex|>ensive  experiment  could  be  made  by  a 
change  of  twist  in  ttie  3-inch  service  riHe,  and  as  the  change  woald  prob- 
ably enable  us  by  trial  to  secure  reUable  information  on  the  snbject  of 
"shortening  our  twist"  in  our  heavier  guns,  a  gun  of  this  caliber  was 
altered  in  accordance  with  the  details  given  below. 

DE8CBIPTI0N. 

The  alteration  consistetl  only  ia  boring  out  the  lands  of  the  origioal 
rifling  for  the  punwse  of  cutting  in  the  bore  a  larger  numbwof  groove^ 
with  ft  greater  tn-ist. 

OBIQINAL  BIFLINa. 

Nnwber  of  land*  Mid  g^oovea ,.,, 7 

ftldth  of  luids r; - .'.....'. '.'-.  0.5  inch. 

Width  of  grooves '. '. O.SteiBob. 

Depth  of  grooves OiDT^ilVlb. 

Twist,  nwftrm;  one  tnro  in  AO  CAlibei*. 

A;.T£B£I>  BEFLING, 

Xnmli«r  of  Uods  ood  Krooves 13 

Width  of  IsDdn 0.318i»ch. 

Width  of  gTouTea 0.4$0iach. 

piepth  of  (tnioYiM ,.,......     lX076iiiobf 

Twict,  nnifonu;  one  tnn  in  S4. calibers. 
Tbe  riflbig  stops  at  a  distance  of  1  inches  fh>m  the  bottom  of  the  bore. 

PABBICATION. 

The  gnn  selected  for  this  alteration  was  3-iuch  wrooght-iron  rifle  "Sa. 
530,  and  the  work  was  jjerfonueil  at  the  West  Point  Poundery. 

The  gnu  was  place<l  in  the  bed  and  rough-bored  till  all  traces  of  the 
uciginal  rifling  had  been  removed;  it  was  then  flue-bored  and  rifled. 

INSPECTION. 

Tbe  bore  was  star-gauged  and  the  details  of  rifling  verifle<l  by  meas- 
arerncnts. 
The  rifle  was  then  accepted  and  shipped  to  Sandy  Hook. 
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APPENDIX  H*. 

GAS-CHECKS  FOR  BREECH-LOADING  RIFLE.=. 

(Ou«  plate.) 

(Gomposeil  of  a  soft  and  exti^iisible  material  auite<1  to  n  base  made 
t>f  a  hard  and  elastic  material.) 

In  experiments  witli  the  8-inch  breech-loading  rifle,  both  copi»er  and 
Bteel  gas  checks  were  used.  The  foriaer  proved  the  better  gas-checks, 
but  at  times  stuck  to  the  face  of  the  breech-block  after  firing,  to  such 
extent  as  to  make  it  dithcult  to  withdraw  the  block.  With  the  steel 
gas-check,  however,  uo  difficulty  was  found  in  withdrawing  the  block 
after  firing,  though  there  was  at  times  a  slight  escai>e  of  gas. 

To  remedy  the  defective  operation  of  the  checks  eoiistructet!  of  a  sin- 
gle metal  (either  copper  or  steel  or  other  nietaU),  a  gas-check  waa  de- 
signed and  made  of  steel  and  copper  combined,  thns  iQSiiriug  in  the 
rin^  the  hardnees  and  elasticity  of  steel  at  the  base  with  the  compress- 
ibility and  extensibility  of  the  copi>er  part  in  contact  with  the  wuIIh  of 
the  gas-ring  seat.  This  conatmction  secures  through  the  esteiiaible  cop- 
per a  perfect  and  close  check  at  the  sides  of  the  seat  in  the  chamber  of 
the  ^n,  while  at  the  same  time,  the  check  having  its  base  of  hard  and  . 
aoyielding  ateel,  any  binding  or  sticking  of  the  breech  fermeture  m 
opening  the  breech  is  prevented. 

The  mode  of  constmction  of  an  8-inch  gas-check  is  as  follows : 

Two  holes  are  punched,  near  either  end,  through  a  steel  bar  about 
14  inches  long,  2}  inches  wide,  and  J  inch  thick.  The  bar  is  then  slit 
with  a  chisel  between  these  two  holes,  and  the  slit  first  enlarged  by  a 
mandrel,  and  finally  formed  into  a  circle  on  the  anvil.  It  is  then  placed 
in  the  lathe,  its  bearing  surface  with  the  copper  finished,  and  only 
sufficient  excess  of  metal  left  elsewhere  to  allow  subsequent  slight  cor- 
rections. 

The  steel  sabot  is  then  carefully  heated  over  a  alow  charcoal  fire  un- 
til it  attains  a  dull  red  beat,  and  is  then  immersed  in  a  bath  of  rape 
oil  and  left  to  cool, 

A  2-inch  round  copper  bar,  14  inches  long,  is  then  similarly  sliapetl 
into  a  ring ;  then  placed  in  the  lathe,  its  face  and  shoulder  which  bear 
against  the  steel  sabot  finished,  and  its  interior  diameter  roughly 
shaped.  Two  modes  of  assembling  the  two  parts  have  been  success- 
fiilly  employed. 

By  the  first,  the  copper  ring  is  simply  laid  in  its  place  n^Kin  the  steel 
sabot,  and  both  then  i>laced  on  a  loosely  fitting  mandrel.  The  workman 
then  gently  hammers  the  copper  ring  on  the  outside,  slightly  turning 
both  rings  after  eHcli  blow,  and  so  gwulually  ci-owds  the  copiter  into  the 
recess  of  the  steel  sabot, 

By  the  other  and  lueferred  mo<le  of  assembling,  the  copi>er  ring  is 
screwed  to  ita  steel  sabot,  as  shown  in  plate. 

After  assembling,  the  rings  are  placed  in  the  lathe,  the  interior  Oi- 
ameter  first  secured,  and  the  gas-check  then  otherwise  finished. 
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IMPROVCO    GAS-CHCCK. 


ArriaSi  Bt-B.p«  .(  OkM  y  0.4mm.. 
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APPESDIX  H'. 
ALTEBATIO.VS  IN  12-IXCH  RIFLE  CARRIAGE. 

(One  plate.) 

Tliese  alterations  Imve  liecii  miwle,  from  time  to  time,  dtiring  the  pres- 
<  lit  year,  as  experience  pmvcd  tlieir  necessity,  and  are  as  follows : 

Ut.  Tlie  moat  iniportiuit  was  made  in  the  cliassi-s,  in  connection  with 
III.'  tr<>\«'rsing  armugemeut.  The  operation  of  throwing  the  large  ecceu- 
tjJr-HliwIs  ill  gear  bymetms  only  of  the  ratchet-wheel  and  lever  proved 
imrt,  laborious  than  was  auticipateil.  As  a  remedy,  a  30-ton  hydraulic 
i.i.-k  in  now  suspended  between  the  eccentric-wheels  in  the  following 
"iiinner:  An  irou  plate  ifl  attacheil  by  two  arras  to  the  chassis,  with 
•\<M-v  enuagb  Iwtween  it  and  the  eliassis  to  contain  a  heavy  rubber  spring. 
Oil  the  under  Side  of  thi.s  plate  rests  the  head  of  the  jack,  which  is  sui>- 
ix'ttttl  a  abort  distance  above  the  platform  by  an  iron  strap,  which,  pass- 
1:1;:  over  the  rubber  sjmng,  is  attached  to  the  cylinder  of  the  jack  on 
rither  side.  When  the  jack  is  released,  after  tbe  chaasis  is  in  gear, 
(lie  Hpriu);  raises  it  off  the  platform. 

M.  Worm  gear  has  been  adde4l  to  increase  the  power  of  the  rack  and 
jiiuion  movement  flrst  used  for  traversing, 

3<1.  The  power  of  the  worm-gear  used  for  throwing  the  rear  eccentric- 
whivis  of  the  top  carriage  in  gear  has  also  been  increased. 

4th.  The  manenvering  drums  naed  in  drill  for  ninniog  the  gnn  "firom 
lattery''  have  been  increased  in  width. 

.^th.  The  levers  of  the  movable  conpliags  have  now  an  attachment 
f'>r  Meciiring  them  to  the  side  of  tbe  chassis.  It  was  found  that  without 
llieiu  the  jar  apon  the  levers,  after  firing,  was  sometimes  sufficient  to 
llirow  the  coupling  out  of  gear. 
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APPENDIX  H'. 

'  PB0P08ED  CHAMBERED  HIFLE,  4.50-INCH  CALIBEH. 

(Four  plates.) 

FEBEUAEt'  24,  1879. 

I  hare  the  honor  to  inclose  herewith  a  deiscription  of  a  proposed  breeeh- 
iMding  li-inch  chambered  rifle,  accompanied  by  the  necessary  drawings 
showing  fhe  details  of  the  cohstnictioii. 

Ax  it  is  deemed  important  that  the  subject  of  chambering  gnnsshonld 
be  iDvestigated  at  an  i>arly  date,  the  inclosed  pidns  and  data  regarding 
them  are  submitted  fbr  the  consideration  and  action  of  the  department. 
The  coat,  it  is  approximately  estimated,  will  not  exceed,  say,  two  thoo- 
sand  dollars. 

As  a  fact  of  some  interest  in  connection  with  the  subject  of  employing 
ar-spacea  with  powder  charges,  or  the  introduction  of  powder  chambers 
larftr  than  the  bore  of  the  gun,  the  attention  of  the  department  is  invited 
to  the  following  extract,  taken  from  a  paper  obtained  from  the  Confed- 
erate archives  at  Richmond,  Ta.,  dated  1864: 

A  T-incb  gnn  was  loaded  with  a  full  cliarge  of  powder,  luade  up  in  a  cnrtridKe  only 
Gju('lir»  iu  iliauiEl^r,  and  so  Hiipjinrteil  in  the.  Imre  iLnl  a  atrattiui  of  air  balf-incli  iu 
thirknew  remaiiieil  betwwn  th«  cartriilgp  and  fhe  walls  of  tUe  chase.  Tlie  shot  w6s 
ill  iuioi^dtat?  contact  with  fht  iiowder.  The  result  of  the  experioieut  waa  that,  white 
tl»  »ho(  Tftained  its  ftill  initial  velocity,  the  strain  on  the  pxu  was  reduced  nearlv  tme- 
lialf.  Thestratnmof  air  l>etweeuth«  cartridge  aud  the  sQrfac-e  of  tbe  charge  evidently 
acted  the  part  of  a  cushion  or  spriug,  absorhmg  a  greater  portion  of  the  initial  s'rain 
in  iti-  t-oaiiiresjiion,  the  wave  of  transmitted  force  lieing  nunble  to  pass  tirongh  it  with 
iifflrient  velocity  to  affect  the  gnn  materially. 

In  conclusion,  I  may  state  that  the  subject  of  the  proper  kind  of  pow- 
'lers,  the  size  of  grain,  and  densities  for  4J'inch  siege  rifles,  chambered 
and  nncha Inhered,  is  now  under  advisement  and  some  samples  in  conrse 
of  fabrication. 


Apbil  29, 1879. 

lEeferriiig  to  my  communication  of  Febrnary  24,  1879,  submitting  a 
rtesTription  and  drawings  of  a  proirased  4  J-ineh  breech-loading  chambered 
rifle,  I  have  now  to  inform  you  that  I  have  prepared  a  modified  plan  of 
Cdtistmction  for  this  gun,  involving  »oine  new  features  in  the  mode  of 
wmstmction,  and  some  chanpes  in  dimensions.  This  modified  plan  is 
Wrewith  submitted  (marked  Plate  IT)  for  consideration,  in  connection 
"■itli  the  originals  referred  to  above. 

Referring  to  Plate  I,  accompanying  iny  letter  of  February  24,  it  will 
W  seen  that  a  coiled  wrought-iron  tniw  afl'ords  tlie  bore-surfaces  for  some 
distance  in  that  constrnction.  Tliis  feature,  on  further  consideration,  it 
i»  thought,  in  a  gun  of  so  small  a  caliber,  can  be  disi)eused  with ;  and  as 
its  absence  will  enable  us  to  increase  the  diameter  of  the  chamber  and 
thns  riednce  its  length— the  thickness  of  the  wronght-iron  walla  prevent- 
ing .my  change  in  this  direction — an  additional  length  of  bore  beyond 
the  chamber  can  be  secnred^ 

A  reference  to  the  legend  (Plate  IV)  will  show  the  changes  in  the 
^imensiODs  of  Uie  cbftmber,  resulting  from  the  absence  of  the  coiled 
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'wrought-iron  lining  tube.  In  large  coDstructiona,  of  course,  the  tbick- 
neas  of  walla  of  the  wrought-iron  lining  will  afford  all  the  latitude  necea- 
sary  for  the  diametrical  dimensions  of  the  chamber. 

It  will  be  observed  that  in  the  propoised  construction — using  stwl 
altogether — the  steel  breech-receirer  is  lengthened  so  as  to  replace  fiill.T 
the  coiled  wroug'at-iron  lining  contemplated  in  plan  shown  on  Plate  I. 
The  other  features  of  the  eonstrnctiou  remain  the  same  as  are  ^hown  on 
Plate  I. 

The  legends  give  all  the  necessarj-  information  as  to  dimensions,  charge, 
velocity,  ix>wcr,  &c.,  of  the  projiosed  construction, 

DESCHIPTION. 

Thehighly  satisfactory  results  which  have  attended  theexpsriinpnts 
made  by  Sir  William  Armstrong  in  the  applications  of  chambers  to  (i- 
iuch  and  S-inch  rifles  have  led  to  the  cousideration  of  the  subject  of  t!ie 
construction  of  an  experimental  gun  embodying  this  feature,  with  a  rii-w 
to  a  series  of  tests  which  shall  euabte  us  to  form  accnrate  conclusions  a.s 
to  the  value  of  tbe  idea  of  chambering ;  and  also  alfords  snflicieiit  data 
lo  enable  u*  to  undertake  its  application,  if  aucceisful,  to  guns  of  largt' 
calibers  for  seige  and  seacoast  armament. 

With  a  view  to  economy — the  capacities  of  existing  plants  for  produc- 
tion, and  the  securement  of  the  gun  at  an  early  date — it  has  been  decidi'd 
to  recommend  a  4J-iuch  siege-ride,  ajul  to  make  it  a  breech-loader,  using 
the  round  wedge /enwedtre. 

The  introduction  of  the  latter  feature,  it  is  thought,  v,i\\  secure  a  more 
perfect  application  of  the  principles  proposed  to  be  investigated ;  give 
greater  facilities  for  moditlcatious  and  alterations  if  found  necessary  or 
deemed  desirable,  while  further  developing  the  <jnestiou  of  the  value  of 
breech-loading  constnictions  and  systems. 

The  general  features  are  a  cast-iron  body  lined  partly  by  a  wrought- 
iron  tube,  and  having  a  steel  breech-receiver  inserted  at  the  rear,  screwed 
to  the  cast-iron  bo<ly,  and  protruding  sufficiently  to  the  rear  to  accom- 
modate the  round  wedge /er(Me(Hi-c,  The  cast-iron  body  is  fretted  with  a 
single  series  of  steel  rings  tVom  its  renr  end  to  a  short  distance  in  front 
of  the  tniunions. 

The  trunnion-ring  is  a  Imnd  of  steel  cast  and  forged  solid,  and  then  cut 
out  and  reduced  to  the  pro[)er  dimensions.  It  is  intended  to  be  sliniuk 
on  under  ordinary  tension,  the  cast-iron  being  i-ecejised  for  the  puriiose.  A 
bisected  ring  (shown  in  section  in  drawing)  finds  place  in  &ont  of  the 
Qtat/rettein  front  of  the  trunnions,  and,  fitting  into  a  recess  on  the  cast- 
iron  iKKly,  gives  additional  security  for  preventing  a  forward  moremeut 
of  the  trunnion- band. 

Tbe  steel  jacket  hreech-receiver  is  shniuk  on  the  wrought-iron  tulte, 
and  the  two  so  united  inset te<l  into  the  cast-iron  body  under  shriakage; 
the  mode  of  construction  in  this  i-egard  being  identical  with  that  followed 
in  the  fabrication  of  the  8-inch  breech-loading  ride  recently  made  at  the 
South  Boston  fonndery. 

A  steel  ring  is  suijerim^xised  on  the  two  rear^eH«g,  to  give  additional 
strength  as  well  as  finish  to  the  system. 

The  steel /rette*,  it  is  intended,  shall  he  put  on  under  shrinkage,  after 
the  simple  manner  of  the  shrinkage  of  tire«  on  ordinary  wheels ;  the/rettea 
beiug  i-aised  to  a  black  heat,  and  when  placed  in  iKtsition  on  the  cast- 
iron  iHxly  cooled  by  converging  jets  of  water  emanating  from  a  water 
collar  placed  externally  over  and  conceiitrically  with  each /rctte  in  turn. 
The  thickness  of  wall  at  the  cliamber  is  over  1^  caUbers,  and  is  deemed 
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sufficiently  stroug  tangentially,  constructed  as  it  is  of  wrought  irou,  Bteel 
am)  cast  iron. 

It  ii  deemed  importaut  to  keep  up  tlie  tangential  strength  of  the  sys- 
tem to  a  considerable  distAnce  beyond  the  seat  of  the  charge,  as  the  cir- 
I'liuistances  of  inflamniatioD  and  subsequent  combustion  of  it  (large  in 
weight)  would  seem  to  demand  a  considerable  length  of  bore  of  the 
uiaxiuium  strength,  ns  iiressnres  approximating  to  the  maximum  must 
altain  longer  than  in  ordinary  cases;  or,  to  Illustrate  otherwise,  the  carve 
uf  pressure  must  l>erelalively  much  flatter  than  that  attaiuing  in  the  use 
of  a  common  charge.  Also,  it  is  believed  that  the  action,  iu  the  case  of 
die  employment  of  chambers  with  large  charges  of  powder,  results,  at 
the  time  of  the  initial  inflammation  of  the  charge,  in  the  development  <tf 
a  [>owder-gas  comparatively  low  in  pressures,  owing  to  the  space  above, 
)>ut  Bullicieut,  however,  with  the  (Mimpi'essed  air,  to  start  the  projectile 
with  a  low  velocity ;  and  that  when  the  maximum  pressures  attain,  the 
roluine  of  the  bure  between  the  burning  i>owder  andprojectile  is  relatively 
;.'iva(er  than  under  ordinary  cireumatauces,  and  that  the  phenomena 
of  a  rapidly  augmenting  gas  evolution,  giving  increased  jwwer,  ensues, 
IfQl,  owing  to  the  rupiiUy  iucivasing  velocity  of  the  i)i'ojectile  increasing 
rapidly  the  Iwre-spaces  lietween  the  burning  iwwder  aud  the  shot,  the 
reriulting  pressmvs  decline  until  Haiti/  from  the  maximum  (not  usually 
<laiigeroiis),  and  hence  vrith  long  Iwres  the  capability  of  thorough  con- 
siimi>tion  of  large  charges  with  motlerate  pressures  resulting,  and  with 
liigh  initial  velocities,  are  within  our  reach.  It  is,  therefore,  surmised 
(liat  the  practical  jwints  sought  to  be  gained  l>y  the  multicharge  gnn- 
*;rteiu  of  Lyman  are  probably  se<!ured  by  the  intro<Iuction  of  a  chamber 
lar);er  than  the  bore,  and  in  the  simplest  and  most  ])ractical  form. 

The  details  of  the  Armstrong  8-inch  ilile  show  a  cliamber  of  the  same 
form  as  that  progKHied  in  this  case.  Tlie  length  is  4.78  calibers,  and  the 
diameter  of  the  cylindrical  jiart  is  KKo  inches.  The  charge  is  95  pounds, 
aud  weight  of  projectile  180  pounds.  The  calculation  is  to  seizure  32.5 
I'libie  inches  of  space  to  every  pound  of  powder,  aud  the  dimensions  of 
the  chaml)er  haie  beeii  determined  aeconlingly. 

A  length  of  bore  (proper)  of  '2l.'2'2  calibers  it  is  intended  shall  insure 
a  volume  which  will  practically  utilize  the  entire  charge,  and  give  the 
muxiinam  velocity  practically  attainable. 

Fron  analogy,  using  the  above  details,  the  features  of  the  chamber 
andlengthof  bore  in  the  proposed  4i-iuch  rille  have  been  deduced.  The 
Vfiglit  of  charge  iu  l>oth  cases  is  aliont  one-half  the  weight  of  the  pro- 
jn;:ile,  aud  the  dimensions  of  the  chamber  of  the  4^-inch  regulated  to 
(rive  a  space  of  32.5  cubic  inches  to  eachi>onnd  of  a  charge  of  17  pounds. 
;See  PUte  I.) 

Id  order  to  insure  the  maximum  velocity  presumed  to  be  practically 
attainable,  the  gun  has  lieen  given  a  length  of  30  calibers  instead  of  26, 
an  nsed  by  Sir  William  Armstrong. 

In  this  coQuectiou  reference  may  be  bad  to  the  results  recently  attained 
at  Sandy  Hook,  in  the  employment  of  comparatively  high  charges  of 
eijerimeutal  powders  used  in  the  staudard  4J-iueb  rifle.  The  oniinary 
rliar^  of  SJ  pounds  of  powder  of  a  granulation  of  1,550  grains  per  pound 
wmI  density  of  1.755  gives  a  mean  average  of,  say,  1,300  feet  initial 
velocity,  with  a  meau  ]>ressure  of  23,000  iwnnds ;  whUe  a  smaller  grained 
P')wder,  3,038  grains  per  ponnd,  bnt  gi-eater  in  density  (1.778),  using 
7-pouod  charges,  gives  a  meau  velocity  of,  say,  1,578  feet^  and  a  pressure 
of,  say,  27,5(K)  pounds.    In  both  cases  the  projectile  weighs  25  pounds. 

It  is  evident  from  this  record  that  the  kintU  of  powders  em|)loyed 
*ill  constitute  important  factors  in  the  results,  and  that  proper  powders, 
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tided  iti^  safBcient  length  of  bore  (even  without  the  nse  of  chambers), 
will  largely  contribute  to  Bnccess  iu  the  attainment  of  comparatively 
high  velocities,  attended  with  reasonaMe  and  safe  pressures. 

Attention  is  invited  to  the  aGconii)anjing  table,  prepared  by  Lieut. 
Oharles  S.  Smith,  comparing  the  dimensions  of  the  Armstrong  mnzzle- 
loading  S-inch  chambered  rifle  with  the  proposed  dimensions  for  the 
prop4»ed  4i-iDch  siege  rifle. 

The  accompaDying  plates  show  the  gnn  in  longitndiDal  sectioD  and  in 
elevation.  Plate  III  siiows  a  modiflcatton  by  turning  down  the  chase 
to  dfminitb  the  weight.  This  latter  elemest  is  beyond  what  is  desir- 
able; bnt  it  is  not  seen  tbat  it  can  be  jndicioaely  reduced,  especidy 
in  an  experimental  rifle,  Without  IncuniDg  some  possible  risk  *a  to 
«trengt)i  for  all  the  puiposee  for  wldch  it  may  be  deemed  neoeasary  to 
nseit 

Inference  may  be  here  made  to  the  fiict  that  a  stndy  waa  made  of 
onr  present  4  J-inch  cast-iron  siege  rifle,  with  a  view  of  chambering  it 
for  the  proposed  tests ;  but  a  careful  examination  showed  that  it  wonld 
probably  be  too  light,  and  that  the  difference  between  cost  of  alteration 
and  a  new  gun  wonld  not  be  sufficient  to  justify  the  utilization  of  a  gun 
not  Ailly  meeting  the  requirements  of  tiie  situation. 
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Proposed  methoil  oj.fahricating  steel  parts  for  -ij"  breeck-loading  rijie.  Ej-- 
tracts  from  LienteiiuHt  C.  W.  ^Vhipple's  report  o»  the  character  ofploHt. 
capacity  of  irorks,  dc,  of  the  **2Iidvale  Steel  Works,''  yUxtown,  Pa. 

The  following  sketcli  sbows  the  flnishe*!  dimensions  ot  the  differeut 
steel  imrf  in  re<|uire(i  for  the  courersion  of  a  4  j"  muzzle-loading  rifle  into 
a  breeeh-loadiijg  chambered  ritie : 


1 

^i 

1 

•■ ia.d * 

-- * 

Breech-recviviT  (soliiO,  ayy. 
Ring  1,  appruxiuiiitp  ireiKlit 
RiDg  2,  (i]ii>roxiiiinte  irvi);lit 
TruDuiuu-riUK 


It  is  proposHl  to  make  the  different  parts  as  follo^rs : 
The  breech-receiver  would  be  forged  ;rithoHt  difficulty  from  about  ;t 
24-iuch  itif^ot,  hammered  to  the  shape  and  dimensions  shuwn  in  the  fol- 
lowing sketch.  Six  iuches  would  be'  added  to  the  length,  however,  to 
fiimish  siiecimeus  for  test.  The  ingot  would  then  be  rough  turned  aail 
bored,  autl  tempered  in  oil. 


j 

1 

i 

='3 

.!2 
1 

i 

-52:5 — 

,; 

BEPOBT  OF  THE  CHIEF  OF  ORDNANCE;         83 

RingB  1  and  2 — Were  these  to  be  made  in  nnmbers  sufficient  to  varrant 
the  alteration  in  the  rolls,  that  methotl  woold  be  employed  in  their  con- 
Kfniction  whicli  is  nse«l  in  rolling  "tirea."  Consequently  a  description 
of  this  niethml  is  given: 


Foot  rolls  are  made  to  revolve  about  vertical  axes.  A  is  called  the 
-  main  roll,"  and  is  the  one  which  shaiiea  the  flange  upon  t^e  tire.  It  has 
DO  movement  except  that  of  rotation.  B  is  the  "pressnre-roll,"  vhich 
ii  attached  to  the  piston  of  a  hydraulic  press  and  serves  to  force  the  tire 
against  the  "main-roll."  C  and  D  are  Uie  " gnide'rolls,"  which  keep  the 
tire  round  and  prevent  it  from  "  buckling."  These  latter  can  be  moved 
to  or  from  each  other  by  means  of  gearing. 

A  square  ingot  of  the  proper  weight,  and  with  its  edges  rounded,  is 
first  flatteneil  imder  the  hammer  to  the  proi>er  thickness,  and  a  hole 
imnched  through  the  center  of  it ;  after  being  raised  in  a  furnace  to  a 
re«l  heat  it  is  taken  out  and  slipped  over  the  "  pressure-roll."  One  work- 
man, who  stands  by  the  lever  controlling  the  hydraulic  press,  signals  to 
the  engineer  on  the  floor  beneath  to  start  the  rolls,  and  regulates  the 
"preasure-roU";  another,  standing  jnst  in  rear  of  the  "  maao-roU,"  moves, 
by  means  of  a  screw,  the  friction-rolls  graduaHy  apart  as  tlie  tire  enlarges; 
while  a  thinl  workman,  from  time  to  time,  gauges  the  exterior  diameter 
with  an  iron  bar. 

Xiies  are  made  iu  sets  of  four,  and  are  guaranteed  not  to  differ  from 
<?aeh  other  in  outer  circumference  more  than  ^  of  an  inch.  After  being 
Rillwl  they  are  bored,  but  as  it  is  ordinarily  prescribed  that  no  met^ 
shall  be  tumetl  off  from  the  outside,  the  operation  of  rolling  so  as  to  keep 
wiiliin  the  prescribed  limits  is  a  nice  one. 

As  it  hapjiens  that  no  rolls  of  the  proper  size  are  on  hand,  the  following 
lirocess,  often  employe<l,. would  be  used  iu  making  rings  1  tftid  2. 

The  ingot  would  be  flattened  and  punched,  as  described  above.  The 
nog  thus  formed  would  be  placed  on  the  born  of  an  anvil  aud  beaten 
out  to  the  proper  size.  The  hammer  n.sed  for  this  work  is  automatic, 
and  strikes  at  the  rate  of  thirty  or  forty  blows  a  minute,  and  there  is  an 
antomatic  attachment  for  slightly  shifting  the  ring  upon  the  anvil  after 
ea«h  blow.  These  rings  can  be  so  fumislied  that  not  more  than  i  to  -^ 
"fan  inch  will  have  to  be  taken  off  in  finishing. 
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Trunnion-ring, — The  shape  of  the  ring  pteventa  its  being  roiled  or 
hammered  ont  on  the  annl.    It  is  propo^  to  make  it  as  follows : 


A  square  ingot  with  roiiuded  edges  will  be  flattened  to  a  thickness  of 
11  Inciies,  and  then  shaped  as  showu  in  above  sketcli,  not  by  hammeriug, 
but  by  cutting  away  the  snrpbis  metal,  A  hole  will  then  be  puuclieil 
through  the  center,  with  a  diameter  almost  as  large  as  the  rerjiiii'ed 
diameter.  It  will  then  be  moderately  Itammered  ou  its  eight  faces,  and 
the  rest  of  the  work  must  be  done  in  the  latlie. 

The  plant  of  the  Midvale  Steel  ■\A'ork8  consists  of  one  large  couvcrtuifr 
fiimace,  not  uow  in  use;  a  large  cracible  furnace,  used  to  a  limited  esteni 
for  the  production  of  small  ingots ;  a  small  Pausard  gas-furnace ;  »u<I 
two  Martin-Siemens  furnaces.  Of  the  latter,  the  smaller  has  a  nomiiiiil 
capacity  of  5  tons,  or  15  tons  in  24  hours,  bxit  a  single  casting  can  be 
obtained  from  it  of  6  tons  weight ;  the  capacity  of  the  larger  furnace, 
which  has  recently  been  built,  is  stated  to  be  about  30,000  pounds. 

All  of  the  hammers  at  the  works  are  double  action ;  the  heaviest 
weighs  7  tons. 

The  tempering  process,  as  applied  to  ingots  suitable  for  gun  construt- 
tions,  consists  in  heating  the  hammered  and  rough-fiuishetl  ingot  to  a 
temperature  varying  l)etween  dull  and- bright  cherrj'  heat,  and  tlieu 
plunging  it  into  the  oil  bath;  finally,  when  the  inside  of  the  ingot,  after 
being  removed  from  the  bath,  shows  a  dull  red  heat  only  diaceruable  iu 
a  darkened  room,  it  is  placed  in  a  furnace  of  about  the  same  temi>eratare 
and  allowed  slowly  to  cool.  The  ingot  is  not  subjected  to  this  process 
with  the  intention  of  stix-ngtliening  or  toughening  it,  hut  solely  for  the 
puqrase  of  seeiuing  more  uuiformity  in  its  structure. 


by  Google 


b,  Google 


CH  B.L.  CHAMBERED  RIFLE. 
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APPENDIX  H'. 


(One  plate.) 

EXPEEnrENTAL  CANNON  POTTOEES. 

With  a  view  to  tlie  improvement  of  powdera  for  cannon,  and  of  ascer- 
'■tiQiDg  the  most  suitable  density,  form,  and  size  of  grain  for  each  esist- 
:iisr  service  calilwr,  various  experimental  powders  have  been  procored, 
:'Mm  time  to  time,  and  tested  at  the  Sandy  Hook  proving-grouud. 

The  following  la  a  brief  description,  as  regards  tlieir  nature,  mode  of 
iJihrication,  and  ballistic  properties,  of  snch  experimental  powders. 

Stxagonal  Poirderi. — A  powder  of  this  class  having  given  excellent 
tiriulta  in  the  trial  and  proof  of  the  8-inch  experimental  rifles,  it  was 
Kiopted  for  the  service  8-incb  rifles.  A  description  of  the  powder  is 
,irea  in  the  Report  of  the  Ordnance  Board  on  the  trial  of  8-inch  rifle 
'vDverted,  Xo.  1,  and  published  in  the  Report  of  the  Chief  of  Ordnance 
i«r  1ST5.  It  is  a  molded  powder  of  the  form  ahown  in  the  plate,  Fig. 
::.  and  for  tbe  senice  8-inch  rifles  has  a  density  of  l.To ;  the  granula- 
:ioD,  or  namber  of  giannles  to  the  pound,  being  72, 

The  average  residts  obtained  with  this  powder  are  as  follows; 


i 


I  ll 


The  experimental  hexagonal  powders  manufactured  for  the  10, 11,  and 
1225  inch  rifles  were  of  coarser  granulation  and  of  higher  density  than 
tbe  above,  but  were  identical  as  to  form  and  mode  of  fabrication. 

These  powdera  were  as  follows : 


F.  P.  bfOfnul  pnrder 
0  S.  btngmul  ]nw<l« 
a  ^.  b-ufoni]  ponlcr 
:  I',  krugoul  powier 
-  a.  ncufuiul  powder 
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The  ineaa  results  obtained  witli  the  F.  P.  powders  with  the  different 
calibers  are  as  follows : 
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The  H.  E.  and  H.  S.  powders  have  been  tried  onlj-  iu  tlie  ll-ineli 
rifle.  The  resalts  obtaiQcd  were  not  as  satisfactory  as  were  to  Iw 
expected,  and  it  was  thouplit  that  they  were  largely  influenced  by  the 
existing  atmospheric  conditions  at  the  time  of  trial. 
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The  flrlng  of  the  F.  P.  powder  iu  this  rifle  took  place  at  the  same  time 
as  the  above,  and  it  will  be  observed  how  iitferior  are  the  i-esults  to  tho.'^; 
obtained  with  the  same  powder  iu  the  10  and  12.2o-iDch  rides.  The 
charge  with  H.  S.  jjowder  could  pi-obably  have  been  increased  to  ff 
pounds,  but  the  sample  was  exhausted  liefore  this  weijrht  could  lie  trioi). 

The  I.  G.  and  I.  H.  powders  have  but  just  beeu  i-eoeived  and  have  not 
as  yet  been  tested. 

A  hexagonal  powder  (I.  C.}  of  gi'anulation  72,  and  density  1.70,  was 
oi-dered  expressly  for  the  3.17-inch  chambered  ritle.  Tlie  results  obtained, 
though  fair,  were  not  so  satisfactory  as  tho.se  obtained  with  auotbi'v 
powder  (see  further  on). 

The  mean  results  obtained  with  I.  C.  jMjwder  are  as  follows : 


Ei'tirl  of  poirdet 


SPHERO-H£XA.GON*AL   POWDEBS. 

These  are  moldcil  powders,  the  grains  differing  from  the  ordinary 
hexagonal  powder  by  being  formed  of  two  hemisphercii,  instead  of  t''>o 
X»yramidal  fi'ustums  uuited  upon  a  hexagonal  zoue  or  ba^^e  (Fig.  3).  It 
was  thought  that  the  nearly  sphericiil  form  of  the  grains  would  lusuri- 
very  uuifonn  i-esuits. 

The  granulatiou  was  the  same  for  all,  viz,  123  to  the  poiiud,  but  the 
densitj-  varied  as  follows : 

H.  A !.*■' 

H.  B 1" 

H.  C, :;.;.,i,i.\ iW 
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TktM  powders  were  tested  in  tbe  8-iucli  rifle  converted  in  lS7Cj  the 
bwtreflolts  being  obtained  with  H.  A.,  aa  follows: 
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Contnuy  to  exiiectation,  the  results  obtained  with  the  H.  B.  and  H  C. 
povders,  which  ftom  their  lower  densities  should  be  quicker-buruing 
IKiwdere,  were  uiuch  inferior  to  tbe  above,  as  i-egards  both  pressure  aud 
Telocity.  A  Bphero-hexagonal  jiowder,  I.  B.,  of  density  1.728,  aud  granu- 
lation 123,  was  employed  in  the  recent  experiments  with  the  3.17-inch 
rhambeied  rifle  (see  rei>ort  of  the  Ordnance  Boaixl  on  trial  of  3.17-iDch 
rifle),  and  with  excellent  results. 

Tbe  following  is  a  mean  summarj'  with  the  masiuiuDi  charge  em- 
ployed; ■  . 


Klub  cfaUBbrrHl  rifle . 


'  Lb4.     Oa.  I  Lbt.  '  Ou. 


The  amount  of  air-space  allowed  iu  tbe  chamber  with  the  above  charge 
was  about  32  cubic  inches  per  iiound  of  i>ow(ler. 

SQUAKE   POWDERS. 

The  grain  is  formed  of  two  quadraugnlar  iiyramidal  frustums  united 
'iQ  a  square  base  {Fig.  9).  The  side  of  this  base  is  about  1.25  iuches, 
aud  the  thickness  of  tbe  grain  1.30  inches. 

These  iwwdera  were  intended  as  experimental  powder-s  for  large  cali- 
'•ers,  and  were  made  of  three  diflerent  densities,  but  of  the  same  granu- 
lation, \iz : 

GniDiilotloD.  Deoait?. 

''■-S. U  1.775 

'■T „ U  1.700 

t-.W II  1.715 

The  tests  were  made  in  the  ll-inch  rifle,  using  as  high  as  85  iwunds  of 
(i.  S.,  with  a  50j-j>ound  projectile.  The  i-esuits  demoiistratetl  that  the 
density  of  the  G.  S.  was  too  high  for  the  granulation.  G.  W.  proved  too 
violent  owing  to  its  low  density,  eveu  with  the  moderate  charge  of  70 

IKIQDdS. 

Tbe  results  obtained  with  G.  T.  were  as  follows : 
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These  resnite,  thongli  only  fair,  yet  indicate  that  the  charge  miglit 
safely  be  increased  to  &>  pounds,  with  the  promise  of  nnich  better  results ; 
since  for  an  increase  of  ^^  i>ouiids,  i.  e.,  from  70  to  75,  tlie  velocity  has 
been  increased  71  feet,  while  the  pressure,  nu  the  other  baud,  has  niu 
up  only  1,'>00  pounds. 

SCHAQHTICOKE  POLYHEDEAL  rO«T)ER, 

This  powder  (Fig.  8.)  is  thus  desciibe<l  by  Commander  Marvin,  U.  S.  2*. : 
It  is  Kmnnlftteil  from  projterly  coiupiyiwert  nnliiiary  i>r*»i«-rnl(c  in  tli*  Mlovjng  way : 
The  cnK«  is  placcil  on  a  movable  laljle  or  form,  n-hich  in  made  tu  jiaivi  )>t>tweea  tno 
pnin  of  rollers.  A  net  or  comli  of  Maliounry  [iiltcm  meetH  llif  cake  on  its  iiaiuiaKe  and 
marka  a  stories  of  grooves  on  itH  surface.  By  turning  tlu-  cake  lialf-wnj  nroituil,  it  i* 
marlceil  out  into stiiiarea  on  a  scrond  pasnajre.  Tliin  jiroi'i'sB  ajiplieil  to  ilie  reverae  faic 
f^vea  it  a  similar  clinracter,  anit  ilrtenuiuc^  the  )il3ue>t  of  tlHCtitre  along  nbicli  tbr 
coke  will  break  up  to  form  tLe  gmiUH. 

As  tested  in  the  S-inch  rifle  in  the  I  STfi  (see  Eeport  of  the  Chief  of  Ord- 
nance for  1877)  the  following  results  were  obtaine<l :  the  density  of  the 
powder  being  1.784  and  the  granulation  74 : 
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HAZAKD'S  CUBICAL  PO^TDEB. 


This  powder  is  of  a  regular  cubical  grain  (Fig.  7),  being  fonned  by 
cutting  the  piess-cake  in  two  directions  at  right  angles  to  each  other 
by  means  of  saws.  A  sample  was  tested  iu  the  8inch  rifle  in  1876  (see 
Report  of  the  Chief  of  Oninance  for  1876  aud  1877),  with  the  following 
results : 
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As  tested  in  the  11-incli  rifle,  this  powder  proved  ''high,"  a  pressure 
of  28,000  iiounils  resulting  with  a  charge  of  only  5(1  pouuds. 

ENGLISH   PEBBLE  POWDEE. 

The  ver>'  much  cheaper  i)rt>duction  of  pebble  powder,  as  compared 
with  molded  powders,  as  well  as  the  good  results  obtained  with  this 
l>owder  in  England,  in  guns  of  large  calil>er.  led  to  the  trial  of  this  powder 
in  1877.    (See  Report  of  the  Chief  of  Ordnance  for  1877.) 

The  powder  employed  was  obtained  from  Pigou,  Welks  &  Laurence, 
London,  and  consisted  of  thi'ee  samples,  of  the  same  granulation,  viz, 
140  to  the  pouud,  but  of  different  densities,  namely,  1.736, 1.749,  anil 
1.756.    The  results  were  not  very  satisfactory,  the  pressures  being  high. 
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The  beat  result  was  obtained  with  the  highest  density,  which  for  a  35- 
paand  charge  and  ISO-ponnd  projectile  gave  1,377  teet  velocity  and 
38^133  ponnds  pressure. 

Pebble  powder  is  forme<l  by  cnttine  the  press-cake  in  two  directions 
M  right  angles,  by  means  of  rollers  having  straight  cutting  edges 
arranged  along  their  surfaces ;  the  sharp  e<lges  and  angles  being  removed 
in  tie  subsequent  process  of  glazing.  With  a  coarse  granulation,  the 
;:eneral  form  of  the  grain  is  cnbicaT,  but  with  the  granulation  given 
jl>ove  it  is  very  similar  to  mammoth  powder. 

PR0GEE3SIVE  POWDER. 

(Figs,  i,  5,  C.) 

The  excellent  results  obtained  in  Italy  With  what  was  termed  "  progress- 
ive pon-der  ^ — a  comiwund  powder  made  up  by  pressing  together  a 
iwwder  of  high,  with  a  powder  of  low  density — suggested  the  advisa- 
I'ility  of  makingtrials  of  similar  powders  in  some  of  the  larger  calibers  at 
SaDdy  Hook.  The  Messrs.  Du  Pont  were  accordingly  directed  to  manu- 
lacture  three  sauii)le8  of  five  barrels  each,  after  the  following  instmc- 
tions : 

In.  Make  n  grain  poirder  n-itli  grains  varj-iiig  in  size  (irregnlai  ia  ^hape)  firom  0.3- 
inrhtoO.e-incb. 

il.  MU  these  KToiii'i  with  mealeiJ  powder  in  the  proiiortion  of  60  per  cent,  of  grain 
mill  per  cent,  of  mealed  powder,  and  press  the  mass  into  cakes,  which  should  hare  a 
ilrniitT  of  abont  1.7a ;  the  cakes  being  of  two  thicknesses,  the  thinner  of  ordinary 
uiamiDoth  iiowder  size. 

M.  Break  the  thinner  cnfces  into  irregular  grains  of  the  name  size  as  service  mam- 
iiHitli  pon-iler,  anil  the  thick  cakes  into  ciiTies,  or  approximate  shapes  thereto,  whose 
"IgH  shall  be  respectively  1  inch  and  li  inches. 

In  explanation  of  the  above,  the  following  remarks  were  added  in 
r^atd  to  the  moile  of  fabrication,  action  of  powder  in  the  gun,  &e. : 

After  pasaiDg  throngJi  the  first  stage  of  manufacture,  and  being  bronght  to  the  con- 
ililinn  of  menlwl  powder,  it  is  pressed  into  cakes  which  have  aden»ity  of  1.79;  the 
i»ke  is  hroken  np  into  irregular  grains  of  from  O.S-inch  to  O.Wnch  in  tluckneas,  as 
'luted  above,  which  are  not  to  be  glazed.  These  grains  are  mixed  with  40  per  cent. 
"Cinraled  powder,  taken  from  the  same  working  as  that  from  which  the  grainH  them- 
''K'Fs  are  made,  and  the  whole  mass  pressed  into  a  cake  having  a  less  density  than 
iLp  nriginal  anall  grains,  say  1.75.     The  caka  is  then  granulated  as  above  prescribed. 

£arh  grain  of  the  resulting  powder  is  thus  a  congloraernte  grain,  cousisting  of  one 
"fmore  sraall  grains  of  very  dense  powder  imbcdiled  in  a  mass  of  less  density,  the 
■"•■M  drnsil.v  being  1.75. 

Dw  theoiy  nf  the  eombnstioD  of  this  powder  is  that  the  powder  of  less  density  being 
iis"r>  iinirkly  eoTisnined,  the  whole  charge  breaks  up  into  a  much  greater  number  of 
iKuDer  grains,  thereby  exposing  a  greatly  increased  surface  to  the  action  of  the  flame. 

Id  nsing  this  powder  that  size  of  the  regular-shapecl  grains  is  em- 
ployed most  suitable  to  the  caliber  of  the  gun,  and  is  mixed  with  a  cer- 
tain proportion,  to  be  determined  by  experiment,  of  the  powder  of  irreg- 
ular or  mammoth  grain. 

The  above  samples  have  been  received  at  the  proving-gronnd,  but 
bare  not  as  jet  been  tested. 

POWDERS  FOB  4.5-niCH  SIBGB  RIFLE. 

lo  order  to  increase  to  a  more  adequate  degree  the  po^erof  thispiece> 
it  was  desired  to  prociu^  a  powder  which  should  admit  of  using  a  charge 
of  from  7  to  8  pounds,  with  a  projectile  of  {mm  32.5  to  3o  pounds,  with- 
ont  overstraiuiug  the  walls  of  the  gun. 

-.oogic 
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A  Dumber  of  powders  were  proeaied  from  tlie  Messrs.  Du  Pont  and 
tri«d  by  tlie  Ordnance  Board.  These  powders  were  all  of  irregular 
granulation,  but  differed  as  to  size  of  grain  and  density. 

The  beflt  results  obtained  were  as  follows : 
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With  a  view  to  emplojing  a  chamber  in  a  rifle  of  4.5-inch  caliber,  Bom« 
experiments  were  conduct^  with  cartridges  of  reduced  diameter  in  ttie 
service  4.5-inch  rifle,  in  order  to  ascertain  the  effect  of  an  increased  air- 
space In  the  portion  of  the  bore  occupied  by  the  charge. 

The  powder  employed  in  these  experiments  was  of  irregular  grain; 
density,  1.77?i  J  granulation,  950. 

With  this  powder,  althougli  the  charge  was  gradually  increased  up  to 
10  pounds  without  incurring  any  excessive  pressures,  no  useful  en'wt 
was  obtained  beyond  8  pounds,  owing  probably  to  the  great  length  of 
the  cartridge.  With  that  charge  and  a  !ia-ponud  pi-ojw-tile  the  velocity 
wa8l,528  feet;  the  pressui-e,  27,000  i>ound8. 

POWDEKS  FOE  THE  3lSCH   A.TD  3.J-IXCH  FIELD   BIFLES. 

The  powders  procured  for  trial  with  these  guns  were  obtaine<l  from 
the  Messrs.  Du  l*out.  They  were  of  irregular  granulation,  and  differed 
from  each  other  chiefly  in  regiml  to  size  of  grain.  Xo  very  satisfactory 
results  have  so  far  been  obtained  with  the  3.5-iuch  rifle,  but  excellent 
results  have  been  obtained  ft-om  the  3-inch  rifle,  as  shown  by  the  firing 
records  of  tlie  3-inch  breech-loading  rifle.  (See  Eeport  of  the  Ordnance 
Board  on  the  trial  of  this  gun.)  A  mean  of  fom-  rounds  with  the  mnxi- 
mum  charge  em))loyed  is  as  follows : 


uaitj,  LTJ:  grsn.,  !,S00.. 


Lit.        Lhi.    I    Ftfl.    I    XM. 


The  size  of  the  grains  of  the  above  powder  is  shown  on  the  plate, 
(Fig.  1.) 

The  experiments  with  powders  are  yet  in  progress ;  and  from  the  snr- 
ccss  already  obtained,  it  is  hoped  that  they  will  soon  be  so  (&t  completetl 
as  to  have  secui-ed  for  the  difl't;rcnt  calibers,  if  not  the  most  satisfdctor> 
powders,  at  least  powders  which  shall  possess  a  great  superiority  ovfi 
those  in  present  use,  as  reganls  velocities  aud  j)re33ures. 
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OVXPOWDEE. 

Giiiiitowder  is  the  ageut  employed  ia  luotlern  warfare  to  proi*! 
projectiles  ft-ora  all  gnus  and  siuall-aruis.  and  generally  as  tlie  bursting- 
charge  of  projectiles ;  for  the  explosion  of  mines ;  blasting  purposes,  &c.. 
It  is  a  mechanical  mixture  giving  light,  bea.t,  and  gas  in  tlie  com- 
bustion or  chemical  union  of  its  ingredients. 

Explosion  is  a  phenomenon  arising  ii-om  the  sudden  enlargement  of 
the  volanie  of  a  body ;  as  iu  the  case  of  gnniwwder,  the  solid  body  is 
rapidly  converted  into  a  gas  many  times  its  volume.  If  the  body  is  con- 
fined in  a  liniite<}  space  and  exploded,  givat  heat  is  develoi>ed  and  a 
vast  expansion  or  propelling  foree  produced,  the  volume  of  gas  being 
many  times  greater  than  that  of  the  powder. 

In  the  "United  States  service,  gnniHtwder  is  obtained  from  private 
manufacturers.  It  is  distinguisbed  by  granulation,  irregular,  as  vms- 
ket,  mortar,  cannon  ami  mammoth  ;  regular,  as  cubical,  and  the  moldetl  jwic- 
dcrs,  i.  e.,  pellet,  hexagonal,  amlprismatie  (i>erforated  hexagonal  prisms). 
In  all  of  these,  the  proiK>rtiou  of  the  iugredieuts  are  the  same ;  tbey  differ 
only  in  the  size  and  sbajie  of  grain,  density  and  details  of  manufacture. 

MuslietiKiwder  isnsed  for  small-arms;  mortar  for  fleld-giius ;  cannon 
for  light  siege-guns,  and  the  larger-grained  and  special  powders  for 
heavy  sea-coast  gnns. 

Note. — Si>ecial  powders  tire  li'iw  Iw^iiig  exinrinieuti^  witli  for  Imth  tiflil  and  siege 
guns. 

MATERIALS. 

The  materials  required  are  potassium  nitrate  (niter),  cliarcoal  and 
sulpkar.  They  should  be  of  the  greatest  possible  purity  to  insure  ex- 
cellence of  qnality,  and  gimnl  against  accidents  in  manufacture.  The 
proportions  by  weight  of  the  ingredients  used  in  the  United  States  serv- 
ice powder  are,  jl^  nitre;  ) [^  charcoal ;  10  sulphur. 

It  is  essential  to  the  sncoes-sfid  and  uniform  mannfacture  of  powder 
that  the  ingredients  should  be  procured  in  their  rough  state,  and  be 
refined  and  prepared  for  nse  at  the  factory  ;  this  is  also  necessary  as  a 
security  against  accidents  at  the  mills.  All  foreign  matter  must  be 
carefully  exchuled,  and  everj-  precaution  taken  against  their  introduc- 
tion in  handling  and  moving  the  i-eflned  materials. 

SALIPETEE. 

Saltpeter  (niter,  potassium  nitrate)  is  comiwsed  of  iiS.i't  nitric  acid,  and 
40.55 of  potassa ;  crjstallizes  in  transparent,  colorless,  six-sided  pmms; 
has  a  cooling,  saline,  and  slightly  bitter  taste ;  deflagi'ates  violently  on 
burning  coals ;  inodorous  and  anhydrous,  not  deliquescent  in  common  air, 
but  is  so  in  an  atmosphere  satui-ated  with  moisture.  It  melts  at  about 
GC2°  into  an  oily-looking  liquid,  and  may  be  cast  into  molds ;  decom- 
poses at  T160 ;  is  soluble  in  cold,  but  more  so  in  hot  water,  the  solubility 
increasing  ifith  tlie  temperature. 

100  parts  of  water  at  32°  dissolves  13.32  of  niter. 

100  parts  of  water  at  04.4=  dissolves  20.00  of  niter. 

1(K>  parts  of  water  at  113="  dissolves  74.00  of  niter. 

100  parts  of  water  at  212°  dissolves  240.15  of  niter. 

Hence,  on  cooling,  a  hot  saturated  solution  deposits  the  greater  part 
of  the  salt  dissolved. 

Saltpeter  occurs  naturally  in  great  quantities,  as  an  efflorescence  on 
the  stirtace  of  the  eaith,  in  many  of  the  warm  countries,  particularly  iu 
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iDclia,  ffUere  thete  is  sufOcimt  to  supply  the  wants  of  tlie  wliole  world. 
It  aUo  occurs  as  a  saline  cmst  in  carems  in  some  parts  of  the  globe ; 
aDd  in  tlie  vicinity  of  Mouclora,  Mexico,  it  is  found  in  great  purity  iu 
reins  or  mines. 

It  exists  in  certain  plants,  and  is  formed  si>ontaneous1y  by  tlie  decom- 
[losition  of  animal  and  vegetable  substances  when  mixed  with  substances 
(.xiDtaiDing  itotasb  and  kept  at  au  even  temjierature  in  moist  situations. 
Ou  this  principle  artificial  niter-beds  are  made,  from  which  large  quanti- 
ties of  niter  are  obtained,  in  France,  Germany,  Sweden,  Hungary,  &c. 
Saltpeter  obtained  from  any  of  these  sources  may  be  separated  from  the 
greater  part  of  the  fdreigu  salts  and  earthy  matter  by  lixiviatiou  with 
wood-ashes  and  evaiioratiou.  The  nitrous  earth  of  India  yields  about 
one-Bfth  of  its  weight  of  niter;  that  of  the  niter-caves,  from  one  to  ten 
pooiids  of  uiter  to  the  bushel.  The  best  artificial  niter-beds  afford  an- 
noally  about  a  quarter  of  a  pound  of  niter  to  a  bushel  of  earth.  Most 
of  the  saltpeter  used  in  the  United  States  for  the  manufacture  of  gun- 
[Wffder  is  obtained  from  India,  whence  it  is  imported  in  a  crystallized 
state  called  crude  saltpeter,  containing  generally  from  15  to  18  i>er  cent, 
of  foreign  salts,  earths,  and  water. 

TEST  OF  CRUDE   SALTPETEB. 

The  process  of  testing  now  used  in  thiscounfry,  as  well  as  in  England 
Hod  India,  is  that  of  analysis.  The  chlorides  that  the  crude  saltpeter 
contains  are  precipitated  iu  the  form  of  the  chloride  of  silver  by  adding 
tlie  nitrate  of  silver  to  the  sohition  of  a  given  weight  of  the  sample  to 
be  tested.  The  sulphates  are  precipitated  iu  the  form  of  the  sQlphate  of 
liaryta  by  adding  the  nitrate  of  barjta  to  the  solution  of  a  given  weight 
of  the  sample;  the  amount  of  these  impurities  can  now  be  calculated, 

MANITFACTt'EE  OF  GUNPOWDER. 

Itefining  saltiieter  is  for  the  puri>ose  of  removing  the  impurities  and 
all  earthy  matters  which  may  be  present,  and  is  effected  by  boiling 
aad  skimming  the  grough  or  crude  salt]>eter  in  large  open  boilers,  and 
afterward  drawing  off  the  liquor  and  filtering  it  through  canvas  bags. 
The  moilua  operandi  is  as  follows :  About  40  cwts.  of  saltt>eter  in  its 
emde  state  ia  pat  into  au  open  copper  boiler  capable  of  containing  500 
gallons ;  about  270  gallons  of  water  is  added  to  this,  or  about  .66  of  wa- 
ter to  1  of  saltpeter;  these  are  allowed  to  staud  all  night ;  iu  the  mom- 
lug  a  fire  is  Ugbteil  under  the  boiler,  and  in  aljout  two  hours  afterwaixl 
they  will  have  reached  a  temperature  of  300^  Fahr.  and  will  be  boiling 
freely. 

Daring  ebullition  by  constant  stiiTing,  the  light  matter,  coiitaiuiug 
oiaiiy  impurities,  rises  to  the  surface,  and  is  skimmed  off  (a  little  dis- 
solved glue  will  facilitate  the  operation).  When  the  skum  ceases  to 
rise,  cold  water  is  freely  dashed  on  the  surface  of  the  boiling  liquid  to 
I'recipjtate  the  chlorides  that  would  otherwise  be  retained  ou  its  surface, 
After  boiling  until  the  solntion  of  the  nitrous  salts  is  effected,  the  fire 
is  allowed  to  go  out ;  when  all  ebullition  has  ceased,  the  foreign  salts 
and  chlorides  being  the  heaviest,  are  precipitated.  The  boiler  is  pi-o- 
)Tded  with  a  false  Iwttom  iierfoi-ated  with  holes,  through  which  these 
imparities  pass  and  fall  to  the  bottom  of  the  boiler. 

In  about  au  hour  alter  the  fire  has  been  extinguished,  the  temjiera- 
tuie  of  the  solution  falls  to  about  220^  Fahr.  A  siphon  is  introdur«d, 
the  end  of  which  is  kept  about  1  inch  from  the  false  bottom  of  the  boiler, 
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SO  as  not  to  disturb  the  sediment.  Tlie  liqoM  is  drawn  off  by  the  si- 
phoD  into  a  trough,  the  bottom  of  which  is  fitted  with  four  or  five  gun- 
metal  taps,  commimicating  with  suspended  Dowlas  canvas filtehng-Mgs, 
of  the  shape  of  au  inverted  cone.  If  crystals  form  on  the  filtering-bags, 
hot  water  is  poured  over  them  to  keep  the  canvas  open,  a  constant  sup- 
ply for  the  purpose  being  obtained  from  a  vessel  provided  with  a  flexi- 
ble pipe,  having  a  finely-pierced  rose-head  placed  in  close  proximity  to 
the  filteriag-trough.  "When  all  the  liquor  has  passed  through  the  filter- 
ing-bags, it  is  run  to  a  cooler  about  12  feet  long  by  6  feet  wide  by  1 
foot  deep,  lined  with  sheet  copper,  and  placeil  by  the  side  of  a  washing- 
vat.  ' 

TJie  liquor  in  the  cooler  is  stirred  by  a  wooilen  rake  until  the  tempera- 
ture is  reduced  to  about  180°  Fahr.,  at  which  temperature  the  mother- 
water  separates  from  the  saltpeter  held  in  solution ;  when  it  falls  below 
180°  a  large  number  of  veiy  minute  crystals  are  formed,  which  are  col- 
lected and  thrown  on  to  a  wij-e-cloth  drainer,  fixed  at  an  angle  imme- 
diately above  the  cooler,  that  the  strainings  may  run  back  again  lototiMi 
cooler ;  the  saltpeter,  when  sufficiently  drained,  is  raked  into  the  wash- 
ing vat — also  furnished  with  a  false  bottom  of  fine  copiwr-wire  cloth, 

The  whole  charge  receives  three  washings ;  in  the  first  and  second,  pure 
water  is  freely  sprinkled  over  the  saltpeter  from  a  rose,  and  after  standing 
about  fifteen  minutes  the  liquor — beiug  very  rich  in  mother-water  and 
saltpeter — is  run  off  into  crystallizing  pans  by  a  tap  at  the  bottom  of  the 
washiug-vat.  In  the  third  washing  the  vat  is  entirely  filled  with  cold 
water,  and  the  bquor,  after  standing  for  about  half  an  hour,  is  drawn  off; 
it  now  only  contains  a  small  quantity  of  saltpeter,  and  Is  not  run  into 
the  crystaUizing-pans,  but  collecte<l  in  an  underground  tank  for  future 
use. 

The  8alt|>etre  obtained  by  the  above  process  is  an  almost  perfectly 
pure  white  salt.  It  is  placed  in  stone  bins  i)erforated  with  small  holes 
in  the  ends  and  sides,  where  it  is  allowefl  to  drain.  Ihe  saltpeter  con- 
tains from  7  to  12  per  cent,  of  water,  but  duriug  the  time  it  remains  in 
the  bins  about  6  or  7  per  cent^  is  draiued  off.  It  i»  now  fit  for  making 
gimpowder  if  used  immediately  j  but  if  required  for  storage  or  tntnsport, 
it  is'  better  to  evaporate  the  remaining  water,  which  is  done  by  d^ing 
in  a  hot  chamber  in  the  following  manner ; 

The  s.')lt]>eter  is  spread  out  about  2  inches  thick  on  shallow  trays  of 
sheet  copi>er,  and  placed  on  racks  iu  a  hot  chamber  heated  to  about  260^ 
Fahr.,  by  a  flue  under  the  floor.  The  8alti»eter  is  stirred  once  or  twice; 
from  four  to  six  hours  is  sufficient  to  evaporate  the  remaining  moistiu«. 
It  is  taken  out  and  emptied  into  shallow  trays,  allowed  to  cool,  and  then 
put  into  barrels  and  storeil. 

By  the  above  process  about  three-fourths  of  the  saltpeter  is  crystal- 
lizetl,  the  romaiuing  portion  being  held  iu  solution  by  the  mother-water 
that  remains.  Wlieu  this  hits  cooled  to  within  7°  or  8°  of  the  tempera- 
ture of  tlie  atmosphere,  large  crystals  are  formed,  adhering  to  the  sides 
and  bottom  of  the  cooler,  and  are  collected  and  put  with  the  grongh  into 
the  next  charge  of  the  boiler ;  the  mother-liquor  is  collected  and  pumped 
into  a  boiler  and  evaporated  to  a  fourth  of  its  original  quantity,  and 
di-awn  off  by  a  siphon,  passed  through  filtering-bags,  and  collected  iu  a 
receiver,  whence  it  is  nm  into  copi>er  pans  of  thirty-sis  gtdlons  each  and 
crystallized.  The  crystals  obtained  in  this  manner  are  pure,  but  contein 
cavities  of  mother- water;  it  is  found  best  to  use  them  in  the  nest  charge 
as  groagh. 

Over  the  sediment  iu  the  bottom  of  the  e%-aporatiug-pan  hot  water  is 
poured,  the  whole  well  stirred  to  estmct  any  saltpeter  that  may  remain ; 
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after  settling,  the  BolntioD  is  draim  off  and  passed  through  the  filtering- 
bags  previous  to  being  mn  into  the  crystalliziug.pans.  Shoald  the 
filteriog-bags  become  clogged  by  impurities  they  are  removed  and 
I'laml  ia  larger  bags  in  a  cleauing  api)Hratii8,  irhere,  together  ^ith  the 
l«g!)  in  which  the  saltpeter  is  imported,  they  are  well  washed  in  hot 
water;  this  water,  containing  a  small  i>erceutage  of  Diter,  is  also  col- 
lected in  the  luother-liquor  tank.  The  bag-cleauser  is  also  used  for  wash- 
ing the  skimmiDgs  and  foreign  salts,  &c.;  the  residue  with  the  refuse 
from  the  erapCH-Rting-pans  ia  sold  for  manure. 

The  water  froui  the  varions  washings  and  drainings  is  oonTeyed  to 
the  nudergroiind  tank,  pumped  into  the  cupi>er  boiler,  and  ia  used  ia- 
-  E't«ul  of  pure  water  in  the  next  charge ;  as  it  contains  a  small  percent- 
al of  saltpeter,  <i  less  quantity  of  grough  ia  required. 

Tt»1s. — A  solution  is  tested  with  litmus  for  presence  of  an  acid  or 
alkali ;  with  a  solution  of  nitrate  of  silver  £ur  cklorideri ;  with  a  sohitioa 
of  chloride  of  baryum  for  sulphates;  with  oxalate  of  ammonia  for  lime. 
In  ordinary  test  the  second  is  the  only  one  used,  and  for  chloride  of 
sodium. 

^diiliiFt'.— Sulphur  is  never  fonnd  pure,  but  mixed  with  earths,  and 
often  with  various  salts.  Il  is  found  in  the  vicinity  of  volcaDoes,  large 
'inaulities  being  imported  from  Sicily ;  it  is,  often  found  with  metalUo 
ur^H,  as  copper,  iron,  &c. 

Sulphur  is  unfit  for  use  in  a  crude  state ;  iC  requires  to'  be  refined. 
Tliis  is  done  by  subliming  and  distilliug. 

By  melting,  all  earthy  matters  are  left  at  the  bottom  of  the  retort  in 
wiiivh  the  nieltiug  is  done,  the  pure  sulphur,  as  vapor,  passes  upward,, 
and  is  sublimetl  and  distilled  by  condensation  at  two  distinct  periods  of 
its  temperature. 

A  thick,  large,  round  cast-iron  melting-pot  or  .retort  is  used,  built  in 
l>rick-work  with  a  furnace  below.  The  retort  has  a  movable  lid,  the 
j<HQt  being  made  air-tight  by  clay ;  the  lid  is  sufficiently  large  to  admit 
a  man  for  cleaning  out  the  pot.  In  the  lid  is  fitted  a  1-inch  ping,  tapere^l 
for  the  purpose  of  charging  the  retort.  Kear  the  top  of  the  retort  two 
pipes  branch  at  right  augles,  each  fitted  with  a  sinice-valve  at  the  end 
nearest  the  retort;  one  of  these,  the  snbliming-pipe,  from  12"  to  14" 
in  diameter,  rising  at  an  elevation  of  35°,  is  used  to  conduct  the  vapor 
fmm  the  retort  to  the  snbliming-chamber  situated  at  a  distance  of  about 
15  feet  trom  the  retort.  The  chamber  is  12  feet  in  height  by  10  feet  in 
touBter  at  the  base,  dome-shaped,  lined  with  flag-stones,  the  floor 
coveiwl  with  sheet-lead.  Sear  the  bottom  are  two  doors,  the  inner  of 
iron,  the  outer  of  wood,  air.tight,  and  lined  with  sheet-lead.  Through 
the  bottom  of  thesp  doors  is  a  small  tube  leading  to  a  cistern  of  water, 
which  takes  up  the  sulphuric  acid.  The  outer  pipe,  &om  7  to  8  inches 
in-  diMieter  and  8  feet  long,  is  used  io  conveying  off  the  vapor  at  a 
hi^er  temperature  than  required  for  subliming ;  this  inclines  downward 
M  an  angle  of  2M°  delivering  the  vapor  to  a  receiving-tank  iucloaetl  in 
M  onttp  jacket ;  cold  water  from  a  cistern  circulates  through  them, 
through  the  annular  space  about  1.05  inches  in  width.  The  water  enters 
the  jacketa  at  their  lowest  points,  and  passes  off  at  their  highest,  near 
the  retort. 

The  receiving- tank  fitted  with  a  movable  lid  somewhat  similarly 
arranged  to  that  of  the  retort,  has  a  pluggetl  hole  in  the  center,  through 
irhieh  a  rod  is  introduced  for  ganging  its  contents.  A  small  pipe  fitted 
10  the  top  of  this  tank  conducts  any  non-condensed  va[»or  t«  a  chamber 
wherethe  "flowers"  areprecipitated.  This  chamber  is  occasionally  cleaned 
Mt  1^  a  small  door.  A  discharge-valve  is  fixed  to  the  bottom  of  the 
receimg-tank  for  drawing  off  the  sidphur  into  molds. 
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Abont  6^  cxrts.  of  cnide  salpbur  are  put  iato  tiie  retort,  tlie  sluice- 
valve  on  tLe  subli tiling-pipe  and  the  plug  in  the  retort-lid  left  open,  the 
Bluice-valve  on  the  diatiliiuginpe  closed,  a  slow  fire  applied  under  t!ie 
retort;  in  two  or  three  hoars  the  raw  material  is  melted  down. 

At  17(P  Fahr.,  evajwration  commences;  at  atxtut  200°  Fahr.,  melting 
begins;  239°  Fahr.,  the  sulphur  ia  perfectly  flnid ;  and  at  560°  Fahr.,  it 
is  ready  for  distillation.  So  soon  as  the  melting  begins,  a  [tale  yellow 
vapor  aiises;  the  plug  is  inserted  in  the  lid  of  the  retort,  the  vapor 
passpa  to  the  dome  of  the  snbliming-chamber  near  the  top,  and  falls  in 
a  shower  of  very  fine  condensed  particles  termed  "  flowers  of  solphnr." 

After  two  or  three  hours,  as  the  heat  increases,  the  vapor  in  the  retort 
becomes  a  deep  reddiahbrowu  color,  when  the  sluice-valve  on  the  sub-  • 
liming-pipe  ia  closed,  and  that  on  -the  ])ipe  leading  to  the  distilling-tank 
opened,  the  cold  water  constantly  circulating  through  the  jacket  of  this 
pipe  and  also  of  the  receiving-tank  keeps  them  cool,  the  vapor  rises  from 
the  retort  and  passes  along  the  pipe,  becomes  condensed,  and  mns  into 
the  tank  below,  a  thick  yellow  flnid.  When  nearly  all  is  distilled 
(which  is  ascertained  by  gauging  the  depth  of  the  liquid  sulphnr  in  the 
tank],  the  sinice-valve  on  the  distilling-pipe  is  shut,  the  fluid  in  the  re- 
ceiving-tank allowed  to  cool  for  an  hour  or  two,  when  it  is  run  off  by  the 
valve  to  molds,  and  allowed  to  cool  and  solidify.  These  molds  are  used 
wet,  otherwise  the  sulphnr  will  adhei'eon  solidifying.  When  cold,  the  re- 
fined sulphur,  broken  into  lumps,  is  ready  for  use.  The  vapor  remaiu- 
in^  in  the  retorts  passes  into  the  dome  of  the  snbliming-chamber,  where 
it  )s  evaporated  as  "flowers."  The  earthy  matter  in  ihe  retort  is  after- 
ward cleaned  out. 

The  "flower8"of  sulphur  are  unfit  for  making  gunpowder,  on  account 
of  the  acid  they  contain,  unless  required  for  tlreworka  or  composition. 
They  are  returned  to  the  melting-pot  with  a  fresh  charge.  The  crystal- 
line, or  distilled  sulphur,  only  is  use<l  in  making  guujwwder. 

To  test  sulphur,  biuii  a  small  quantity  on  white  porcelain ;  if  fit  for  the 
manufacture  of  gunpowder,  there  should  be  not  more  than  0.2a  per  cent. 
of  residue,  or,  dissolved  in  boiling  distilled  water,  blue  litmus  paper  should 
but  slightly  redden. 

Charcoal. — Charcoal,  the  residue  after  wood  has  been  charred,  as  an 
ingre<lient  of  gunpowder,  is  next  in  importance  to  saltpeter.  When  UQl- 
formity  in  quality  of  gunpowder  is  reiiuired,  great  care  mast  be  exer- 
cised in  its  preparation,  for  the  chemical  composition  of  charcoal — /.  f., 
the  percentage  of  carbon  contained  therein — will  aftect  the  quality  of  the 
gunjiowder  to  a  considerable  degree;  tlierefoi-e,  extreme  care  has  to  be 
exercised  in  charring  the  wood.  Gunpowder  should  coutain  no  less  than 
15  per  cent,  of  charcoal. 

Much  depends  ayma  the  quality  and  condition  of  the  wood  employed ; 
the  sap  should  be  thoroughly  driedinthe  wood  to  secure  the  best  quality 
of  charcoal ;  tliis  end  is  attaineil  by  desiccating  newly-cut  timber  in  a  hot 
chamber  for  ten  or  twelve  days,  although  it  is  questionable  if  the  char- 
coal so  obtained  is  as  good  as  that  produced  from  wood  that  has  been 
seasoned  for  a  number  of  years.  Small  wood,  i>ei'fectly  clean,  free  Irom 
bark,  quite  dry,  are  essential  requisites  for  making  good  charcoal. 

The  kind  of  wood  commonly  used  is  that  of  the  willow  species — the 
common  white  Dutch  willow,  the  poplar,  and  the  alder  are  generally 
preferred;  other  woods  are.  howeier,  frequently  used,  and  for  a  flrst- 
elass  strong  imwder,  black  dogwootl  is  said  to  be  best,  but  its  great  cost 
prevents  its  being  largely  adopted. 

Distilling  the  wood  in  retorts  is  the  method  usually  employed  for  pro- 
curingalight  and  equal  qnality  of  chai-coal;  pit-bimiedcharcoalis,  how- 
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erer,  preferred  for  fuse,  pyrot«clmic  compoRitions,  &c.,  on  account  of 
certain  qaalities  it  posaessea.  The  method  of  distilling  in  retorts  is  as 
follows:  A  namber  of  retorts  set  in  brickwurk  at  a  suitable  height  from 
the  ground  floor,  under  which  a  furnace  is  provided ;  the  bottoms  of  the 
retorts  are  protected  from  the  direct  and  intense  heat  of  the  furnace  by 
a  fire-brick  lining,  through  openings  in  which,  and  by  flues,  the  flame 
passes  round  the  retorta  before  reaching  the  chimney.  The  wood  must 
t<e  small,  of  eight  or  nine  years'  growth ;  it  is  obtained  early  iu  the  fall, 
its  bark  entirely  removed,  cut  inte  lengths  of  about  3  inches  and  stacked 
fof  drying.  When  thoroughly  dried  it  is  put  into  a  sheet-iron  cylinder 
nr  "skip,"  having  a  moTable  iid  or  door  at  one  end,  which  la  placed 
borizontaUy  on  an  iron  carriage  corresponding  in  height  with  the  door 
or  the  retort;  the  carriage  is  run  forward  to  the  month  of  the  retort,  the 
ryUnder  containing  the  wood  slid  into  tiie  retort,  fitted  with  an  air-tight 
door,  having  been  previously  heated  to  a  dull  red  beat. 

The  process  of  charring  commences,  the  steam,  tar,  and  gas  in  the 
wood  pass  front  the  cylinder  by  holes  in  the  door,  through  a  pipe  to  the 
furnace  and  are  consumed.  From  three  to  four  hours  are  required  to 
completely  char  a  cylinder  of  wood.  The  cylinder  with  its  contents  is 
ilrawn  out  of  the  retort  by  a  block  and  tackle,  lowered  into  an  air-tight 
cooler  witli  a  close-fitting  lid,  and  allowed  to  remain  for  about  half  a 
day;  it  is  then  placed  in  a  smaller  cooler  where  it  remains  until  cold. 
After  the  charcoal  has  been  carefully  picked,  it  is  fit  for  use  in  making 
(ninpowder.  About  three  charges  can  be  burned  in  each  retort  every 
twelve  hours. 

A  good  and  uniformly  pure  charcoal  has,  if  properly  made,  a  jet  black 
appeanuice,  the  fractures  show  a  velvet-like  surface,  aud  appear  the 
same  in  botli  large  and  small  pieces.  It  should  not  scratch  soft  polished 
metal,  and  if  treated  with  distilled  water  there  should  be  no  appear- 
anoe  of  dkali. 

From  20  to  25  per  cent,  of  charcoal  is  obtained  from  willow  and  alder, 
and  from  25  to  W  per  cent,  from  black  dogwood ;  the  latter  is  very 
dense,  tough,  and  of  slow  growth,  its  usual  size  being  about  one  inch  in 
thickness.  When  charred,  it  has  a  yellowish  looking  surfiwe,  and  is 
Hlightly  metallic  iu  api>eamnce. 

The  kind  of  woo<l  from  which  the  charcoal  has  been  made  is  known 
by  the  pith ;  that  of  dogwood  is  circular  and  large  for  the  size  of  the 
wood ;  that  of  the  willow  is  also  circular,  but  somewhat  smaller ;  that  of 
alder  forms  a  figure  of  three  equidistant  radial  lines. 

Charcoal  is  very  porous,  and  quickly  absorbs  moisture;  therefore  a 
meat  store  is  never  kept.  Previous  to  use,  it  is  very  carefully  examined 
and  picked,  nncharred  pieces  being  excluded. 

To  test  charcoal  for  an  alkali,  finely  powder  a  small  quantity  and  boil 
it  JD  distilletl  water,  filter  and  test  with  litmu>4  paper  reddened  by  weak 
Hid.  Should  the  charcoal  contain  alkali,  the  paper  will  be  partially  or 
'holly  restored  to  its  color. 

Pif-burned  charcoal  is  used  in  the  manufacture  of  "  pit  gunpowder," 
anil  is  suitable  for  filling  fuseJi,  i)ort-flrpj*,  &c. ;  it  is  also  used  for  pyro- 
teclinic  compositions,  and  such  purposes. 

MACHINES  USED  IS  MASUKACTrRE  OF  GUSPOWDER. 

CHARCOAL-GRINDING  MILL. 

Before  the  ingredients  are  mixed  together,  they  must  bo  pulverized  or 
ground  to  a  flue  powder.    Charcoal  after  standing  a,  fortnight  is  ground 
7  OBD 
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in  an  apparatus  somewhat  aimilar  to  a  coffee-mil)  on  a  large  scale.  The 
mill  (Plate  1.  Fig  1.)  oonsista  of  a  cooe  secored  on  a  rertical  ^iudle 
provided  with  teeth  ruuaing  spirally  over  its  entire  outer  sur&ee;  the 
cone  revolves  in  a  cylinder  provided  with  teeth  on  its  inner  auiface; 
these  teeth  are  spual  also,  but  incline  in  the  opposite  direction  to  those 
on  the  cone. 

The  revolving  cone  is  adjustable  in  a  vertical  direction  to  increase  or 
diminish  the  space  between  its  teeth  and  those  of  the  fixed  cylindw; 
thus  a  coarse  or  fine  charcoal  is  produced  at  will.  The  adjusbnent  is 
effected  by  means  of  two  hand-wheels  working  on  a  fine  screw-thread 
cat  npon  the  small  vertical  cone  spindle,  which  spindle  can  be  mov«l 
upwiud  or  downward  by  means  of  the  hand-wheels  through  the  large 
hollow  shaft  upon  which  the  bevel  driving-wheel  is  keyed.  Motion  m 
communicated  from  this  shaft  to  the  small  one  by  means  of  a  feather 
upon  the  surface  of  the  latter,  which  fits  and  works  in  a  groove  cut  in 
the  inside  of  the  hollow  shaft.  The  small  hand-wheel  is  used  for  locking 
and  securing  the  larger  one  in  any  required  position. 

The  hopper  above  receives  the  charcoal.  On  the  under  side  of  the 
cone,  and  revohing  with  it,  are  a  conple  of  arms,  that  carry  the  ground 
charcoal  to  the  discharge  spout  on  one  side  of  the  flxe<l  cylinder  aud 
conduct  it  to  a  sifting  reel ;  this  reel  is  simply  a  Bkdeton  cylinder  of 
wood,  covered  with  copper  wire  cloth,  having  fine  meshes  thirt;y-two  to 
the  inch. 

The  sifting  reel  is  driven  by  a  pair  of  bevel  wheels  set  at  a  slight 
angle  to  allow  the  charcoal  to  ran  readily  along  the  interira-;  as  it  re- 
volves, it  causes  the  particles  of  charcoal  to  be  continually  rolling  over 
each  other  and  covering  new  surEaces  of  the  reel ;  the  fine  particles  pass 
through  the  meshes  of  the  wire  cloth  and  fall  into  a  receiving  bin, 
whilst  the  larger  ones  are  thrown  out  at  the  lower  end  of  the  reel  to 
another  bin,  whence  they  are  taken  and  returned  to  the  hopper.  The 
reel  and  bms  are  inolosed  entirely  in  a  wooden  framework  and  cover- 
ing, so  as  to  prevent  the  dust,  which  is  very  light,  fVom  spreading  over 
the  house.  Doors  are  provided  in  this  wooden  covering,  by  means  of 
which  the  ground  charcoal  can  be  removed. 

After  being  gronnd  the  charcoal  stands  for  about  eight  or  ten  days  before 
nsing  it ;  owing  to  the  readiness  with  which  it  absorbs  osgj'en  when  in 
the  pulverized  state,  it  is  apt  to  become  heated,  and  spontaneous  com- 
bustion to  ensue.  The  danger  &om  tbis  cause  is  much  lessened  when 
t  is  St  ored  in  small  quantities  and  in  separate  iron  cylinders  or  bins. 

8ALTPBTKB  AMD  BULPHUB  GRINDrNa  APPAEA.TUS. 

The  saltpeter,  if  used  immediately  after  being  pniified,  is  so  fine  as  to 
require  no  further  reduction  of  its  particles  before  mixing;  but  if  it  has 
been  dried  for  storage  it  must,  like  the  sulphur,  be  reiiuoed  to  a  very 
fine  powder.  They  are  ground  separately  in  a  small  machine  somowhat 
similar  to  a  mortar-mill.  The  machine  {Plate  I,  Fig.  2)  consists  of  a 
pair  of  edge  rollers  traveling  round  a  strong  circular  cast-iron  bed,  re- 
volving at  the  same  time  on  their  own  axes. 

The  speed  of  these  rollers  is  eight  revolutions  jier  minute  round  the 
bed ;  they  are  each  i  feet  in  diameter,  and  weigh  30  cwt.  £ach  one  travel;* 
on  a  different  path,  one  being  near  to  the  inside  curb,  or  "cheese,"  as  it 
is'technically  called,  whilst  the  other  is  farther  away  from  the  center. 
A  shaft  or  spindle  common  to  both  passes  through  their  centers,  and 
between  them  is  a  cross-head  fixed  on  a  vertical  shaft  driven  by  means 
of  bevel  gearing,  the  pinion  being  secured  on  the  main  horizontal  driv- 
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ing  shaft  Dndemeath  the  macbioe,  whilst  the  Vertical  shaft,  upon  vhicli 
rhe  large  bevel  wheel  is  fixed,  paasee  through  the  croBB-head ;  this  latter 
being  provided  with  enitable  brass  bashes,  in  order  to  allow  the  rollers 
lo  rise  w  fiaJl  according  to  Che  thickness  of  the  material  nnder  them. 

The  material  to  be  ground,  whether  saltpeter  or  sulphur,  ia  spread 
evenly  over  the  bed  of  the  machine  to  a  thickness  of  about  1.05  or  2 
inches;  the  lollers  are  then  set  in  motion.  A  very  short  time  snfBces 
CO  complete  the  operation.  The  material,  when  ground,  is  ehoveIe<l  fi^m 
tbe  bed  into  tubs  and  emptied  into  a  hopper  placed  above  a  sifting  reel 
iPlatel,  Fig.  3),  which  is  similar  in  all  respects  to  the  charcoal  reel.  As 
the  reel  revolves,  certain  projeotions  provided  on  the  sbafbstrike  against 
!<imilar  projections  on  tbe  bottom  of  the  trough  that  conveys  the  material 
fn»u  the  hopper  to  tbe  reel,  and  as  this  trough  is  slung  under  the  hopper 
it  is  made  to  vibrate  and  cause  tbe  material  to  be  shaken  gradually  &om 
tbe  hopper  to  the  reel.  The  fine  particles  pass  through  a  wire  cloth  of 
thirty-two  meshes  to  tbe  inch  and  fall  iuto  a  bin  provided ;  the  coarse 
puticJes  are  thrown  out  at  the  end  into  another  bin,  whence  they  are 
taken  and  re^pronnd. 

The  ingredients  are  weighed  out  very  accurately,  in  the  proportions 
of  To  of  saltpeter  to  15  of  charcoal  and  10  of  sulphur.  About  50  pounds 
of  this  mixture,  oonstitnting  a  charge  for  tbe  incorporating  mill,  is  placed 
Separately  in  small  bags  and  taken  to  the  mixing  machine. 

THE  mSISa  HACHIHE. 

This  machine  (Plate  II,  Fig.  4),  consisting  of  a  hollow  drum  of  copper 
about  2  feet  wide  by  3  feet  in  diameter,  revolves  at  a  speed  of  thirty -five 
revolntions  per  minute.  Tbe  bearings  of  this  drum  aro  hollow ;  a  shaft 
passes  through  them,  having  in  the  interior  of  the  drum  an  eight-sided 
Nws  or  tube  secured  to  it ;  into  this  a  series  of  arms  or  flyers  are  screwed, 
thne  being  five  on  one  foce  of  tbe  octagon  and  six  on  the  next,  alter- 
nately, ^ey  are  made  of  a  flat  section,  forked  at  the  ends,  provided 
*ith  holes  throagb  their  flat  sides;  each  one  is  set  at  a  different  angle 
to  the  next ;  their  points  jnst  clear  the  inside  of  the  drum,  aad  they  re- 
volve in  the  opposite  direction  to  it  at  the  rate  of  seventy  revolutions 
per  minute. 

The  three  b^s  of  ingredients  (60  pounds  in  all)  are  emptieil  one  at 
a  time  through  a  door  into  the  coppeF  drum ;  five  minutes'  work  will  be 
Jbund  to  thoroughly  mix  them. 

The  door  in  the  drum  is  opened,  the  composition  fklls  down  a  chute 
into  a  tub ;  after  being  spread  out  it  is  carefully  examined,  and  then 
placed  in  the  receiving  bags.  Thebagsaretightly  tied  up,  it  being  very 
essential  that  this  operation  be  csrefnlly  performed ;  for,  should  the  com- 
|>o«ition  be  allowed  to  remain  loose  in  the  bags  (the  ingredients  liaviiig 
veiT  different  specific  gravities),  the  saltpeter  would  fall  to  the  bottom, 
th*  charcoal  rise  to  the  top,  and  the  sulphur  occupy  the  center.  The 
hags  are  put  into  small  magazines,  separate  irom  all  buildings  contain- 
ing machineiy,  laid  on  their  sides,  so  that  the  weight  of  the  saltpetermay 
»IK!Ct  tbe  mixture  as  little  as  iH>s8ible.  The  composition  is  now  ready 
Tur 

THE  INCOEPOKATIKG  KILL. 

The  incorporation  of  the  ingredients  that  form  gunpowder  is  by  far 
the  most  important  process  in  tbe  wtole  manufacture,  for  unless  the 
minute  puticles  of  the  ingredients  be  thoroughly  mixed,  all  subsequent 
oi>enttions,  however  well  performed,  will  not  compensate  for  the  erroii 
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The  incorporating  mill,  wliicb  is  shown  by  Plate  II,  Fig.  5,  consists  of 
two  large  and  heavy  "hard-chill"  cast-iron-edge  runners,  revolving  on 
a  circular  cast-iron  bed;  the  peculiar  action  of  these  runners  is  well 
adapted  for  thbronghly  grinding  and  incorporating  the  several  ingre- 
dients: their  great  weight  is  for  crushing  the  ingredients,  which  are  aliM) 
ground  together  by  the  twisting  action  prodnt^  by  the  roUers  travel- 
ing round  in  so  small  a  circle.  Each  roller  travels  over  the  bed  in  a 
separate  track,  and  is  assisted  by  a  plow  (hereafter  described],  which 
mixes  tlie  material  so  that  it  is  subjected  to  crushing,  grinding,  and 
mixing  by  one  operation. 

Incorporating  mills  in  a  gnnpowder  factory  sre  nsoally  grouped,  and 
the  motive  power  may  be  water  or  steam;  in  either  case  the  power 
should  be  capable  of  driving  fonr  or  more  pairs  of  runners.  Each  pair 
is  so  arranged  that  it  can  be  disengaged  or  put  in  gear  at  pleasure  by 
ineana  of  a  fiictjon-clatch,  without  interfering  with  the  steady  working 
of  the  engine  or  water-wheel.  When  the  latter  is  employed,  ite  speed 
is  resulted  by  a  governor  in  connection  with  the  sluice;  by  this  means 
the  now  of  water  is  caused  te  immediately  increase  or  diminish  as  a  pair 
of  runners  is  pat  in  motion  or  stopped,  and  thus  a  regular  speed  always 
maintained. 

The  runners  travel  round  the  bed  at  the  rate  of  eight  revolutions  per 
minute;  they  are  6  feet  6  inches  in  diameter  by  15  inches  broad  on  the 
face,  and  weigh  four  tons  each.  As  already  stated,  the  two  travel  on 
difierent  paths,  the  one  being  near  to  the  outside  rim  or  cnrb  of  the  bed, 
while  the  other  travels  near  to  the  inside  curb  or  "cheese."  A  horizon- 
tal shaft  or  spindle,  common  to  both  runners,  passes  through  their  centers, 
and  between  them  is  a  cross-head  fixed  on  a  vertical  shaft  driven  by 
means  of  a  bevel  wheel  and  pinion,  the  latter  being  secured  on  the  main 
driving  shaft  that  x>asses  nudemeath  the  bed  of  each  mill,  and  common 
toalL 

The  vertical  shaft  passes  through  the  cross-head,  and  is  provided  with 
brass  bashes,  which  allow  the  runners  to  rise  or  fall  according  to  theirreg- 
olarity  in  the  thickness  of  the  material  under  them.  On  each  side  of  the 
cross-bead,  and  projecting  outwards,  is  an  iron  bracket  having  a  plow 
(made  of  a  wedge-shaped  piece  of  wood  shod  with  felt  and  leather)  fitted 
to  it,  so  arranged  as  to  sweep  the  lied  and  keep  the  composition  under 
the  mnners.  One  plow  sweeps  against  the  outside  curb  immediately 
in  front  of  tlie  runner  that  travels  round  the  larger  circle ;  the  other  against 
the  "cheese"  pr  inside  cnrb  immediately  in  front  of  the  mnner  that 
travels  round  the  smaller  circle.  The  inside  of  the  outer  curb,  as  well 
as  the  outeide  of  the  cheese  where  the  plows  work  and  rub  against  them, 
are  covered  with  copper  or  gun-metal. 

The  composition  attains  a  bo<ly  in  about  one  hour  after  the  runners 
are  set  in  motion,  the  action  of  the  plows  in  moving  the  whole  of  the 
material  on  and  across  the  bed  thoroughly  mixes  It,  and  subjects  every 
particle  to  the  same  amount  of  pressure. 

Each  pair  of  runners  is  provided  with  a  tell-tale  dial,  which  shows 
the  time  the  mill  has  to  run  and  the  condition  of  the  cake  from  time  to 
time.  From  three  to  four  hours  is  the  period  a  charge  should  be  on  the 
mill,  providing  the  engine  or  water-wheel  is  maintained  at  its  proper 
speed.  This  timing  of  the  charge  is  a  very  important  [Htintin  the  mann- 
facture,  whore  powder  of  an  equal  quality  is  required;  the  attendant 
must  watch  for  any  change  in  the  atmosphere,  so  that  he  may  work  the 
charge  drj'  or  moist,  accortling  to  the  humidity  of  the  air. 

The  charge  coming  from  the  mixing  machine  is  spread  equally  over 
the  bed  of  the  mill,  and  moistened  with  from  four  to  eight  pints  of  dis- 
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tilled  TBter  by  a  fine  roae-ended  watering  pot,  tlie  quantity  being  regn- 
latfd  aocording  to  the  state  of  the  atmosphere. 

The  cake  should  be  of  a  blackish-gray  color  when  broken,  of  a  aatform 
appearance  without  any  white  or  yellow  specks,  the  presence  of  which 
would  indicate  insufflcieut  incorporation.  It  should  not  exceed  half  an 
inch  in  thicknesa,  in  order  to  be  thoroughly  incorporated,  nor  be  less 
than  a  quarter  of  an  inch  thick,  to  insure  safety;  if  the  runners  are 
allowed  to  come  in  contact  with  the  bed,  the  friction  cansed  by  their 
twisting  action  is  so  great  that  au  explosion  would  almost  certainly 
result. 

At  the  expiration  of  three  or  four  honra  the  charge  will  have  attained 
an  the  properties  of  gunpowder;  the  powder  will  not  be  improved  by 
heavier  runners  or  an  increase  of  speed.  For  fine  sporting  gunpowder, 
bowever,  the  operation  of  incorporating  is  continued  in  some  eases  for 
eight  hours  and  with  heavier  rollers.  It  is  doubtful  whether  the  powder 
is  much  improved  thereby^  the  purity  of  the  ingredients  is  of  more  con- 
^oence;  on  this  the  quality  of  the  powder  depends  much  more  than 
apon  a  long  or  short  period  of  incorporation,  for  it'  regularity  be  observed 
and  the  runners  aru  of  one  size  and  weight,  and  the  charges  are  worked 
Tor  an  eqnal  length  of  time  and  under  t£e  same  conditions,  a  fairly  uni- 
fom  powder  will  result. 

A  method  for  testing  whether  the  incorporation  has  Iteen  well  per- 
formed is  to  take  half  an  ounce  of  the  cake  granulated  by  hand  and 
flash  it  oa  a  glass  plate;  a  slight  residue  only  should  be  left  on  its 
snrfue. 

As  the  incorporating  mills  are  generally  in  groups,  it  is  necessary  to 
prevent  explosions  spreading  amongs^the  mills.  This  is  very  effectually 
done  by  the  use  of  a  drenching  apparatus  which  consists  of  a  large 
board,  acting  as  a  tlapper,  placed  horizontally  over  each  pair  of  runners. 
This  flapper  is  attached  to  a  shaft  running  throughout  the  entire  group 
nf  nulla,  and  in  connection  with  it,  and  immediately  over  each  set  of 
numers,  is  a  copper  cistern  holding  about  40  gallons  of  water,  so  ar- 
nn^  and  poised  that  when  the  dapper  is  raised  by  an  explosion  the 
catch  is  disengaged  and  the  cistern,  overl»laaciug,  empties  its  contents 
upon  the  mill.  This  does  not  prevent  damage  to  the  mill  in  which  the- 
nplosion  first  occnrs  bat  confines  the  damage  to  it.  In  addition,  an 
uraogement  is  pivvided  whereby  the  attendant  can,  in  case  of  an  ex- 
plosion in  any  part  of  the  works  or  in  his  immediate  neighborhood,  up- 
set the  cisterns  of  water  from  the  outside  and  thus  prevent  the  explosion 
spreading. 

In  a  well-constructed  incorporating  mill  all  movable  parts,  snch  as 
bolts,  nuts,  &o.,  are  fitted  with  the  greatest  care,  and  at  each  end  of  the 
ninuer  sh^  and  also  over  and  under  the  cross-head  between  the  runners, 
la^  gun-metal  discs  or  drip-pans  are  fitted ;  these  not  only  prevent 
mj  oU  or  greasy  matter  dropping  into  the  charge,  but  likewise  any  bolt, 
not,  or  pin  that  may  have  become  loose  in  the  vicinity  of  these  parts 
and  possibly  producing  au  explosion. 

Where  8t«am  is  employed  as  the  motive  power,  care  must  be  taken  at 
nil  times  to  prevent  sparks  being  emitted  from  the  boiler  chimney;  this 
may  he  effected  in  several  ways,  either  by  nsing  anthracite  coal  or  coal 
and  coke  for  the  boiler  furnace,  or  by  having  a  spark  catcher  or  arrester 
Stted  inside  the  fine  at  the  base  of  the  chimney,  or  a  number  of 
baflle-plates  placed  in  the  chimney  itself  in  a  zigzag  manner.  If  proper 
precantions  are  taken,  and  the  fiues  are  regularly  cleaned  oat,  there  will 
be  DO  risk  whatever  in  using  steam-power. 
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THE  BBEAKHTG-DOWN  MACSIIfE. 

The  powder  after  iocorporatiOQ  is  taken  from  the  mille  in  open  tubs 
and  placed  in  email  magazines,  where  it  is  allowed  to  remun  tot  a  day, 
to  give  the  viewer  time  to  examine  the  quality  of  the  cake,  and  to  com- 
pare the  production  of  one  mill  with  that  of  another,  for  it  is  foaud  that 
that  part  of  the  charge  which  has  been  sabjeoted  to  the  last  few  revolu- 
tions of  the  runners  is  generally  a  little  drier  than  the  rest;  therefore, 
allowing  the  whole  to  remain  exposed  for  a  short  time  tends  to  equal- 
ize the  moisture,  two  or  three  per  ceut.  of  vhich  greatly  assists  the  opera- 
tion of  pressing. 

The  incorporated  powder,  in  the  condition  of  soft  cake,  is  broken  in 
pieces  of  uniform  size,  so  that  the  spaces  between  the  plates  in  tlie  press- 
box  (hereafter  described)  may  be  equally  filled  and  the  powder  subjected 
to  the  same  amount  of  pressure  over  its  whole  surfiMse.  Beduoing  the 
mill  cake  to  a  uniform  size  also  assisbi  in  mixing  any  portions  that  may 
be  more  dense  than  others. 

The  breaking  down  of  mill  cake  is  effected  by  the  breakiug-down 
machine  (Plate  III,  Fig.  6),  which  consists  of  gun-metal  side  firames,  sup- 
porting two  pairs  of  gun-metal  rollers,  the  one  pair  being  immediately 
under  the  other.  These  rollers  are  7^  inches  in  diameter,  and  have  a 
total  length  for  operating  upon  the  cake  of  2  fleet  6  inches.  The  enrfftces 
of  the  upper  pair  have  grooves  of  l,05mch  pitch,  cut  longitudinally  to  a 
depth  of  i  iuch.  These  rollers  work  at  a  speed  of  26  revolutions  per 
minute,  and  motion  is  imparted  to  them  by  means  of  a  main  driving  shaft 
and  spur  gearing  connected  with  the  motive  power.  The  back  roller  of 
each  pair  works  in  a  sliding  bearing,  and  is  pressed  forward  to  itaopposite 
roller  and  kept  up  to  its  work  by  means  of  weighted  levers.  This  is  a 
safety  arrangement,  and  is  provided  in  order  to  admit  of  the  rollers 
opening  to  allow  any  large  quantity  of  the  cake,  a  hard  lump,  or  any 
foreign  substance,  to  pass  freely  through  them,  t^na  preventing  injury 
to  the  machinery,  and  possibly  an  explosion.  There  is  also  a  soraper 
attached  to  each  pair  of  rollers  for  removing  &om  them  any  powder 
adhering  to  their  sur&ces. 

.  To  prevent  the  dust  spreading  about  the  building,  the  rollers  aro  in- 
dosed  in  sheet-copper  and  gun-metal  casings,  which  act  aa  sponts  and 
guide  the  metd  into  boxes  placed  underneath  the  madiiine. 

The  working  of  the  maohiue  is  as  follows :  The  incorporated  "  mill- 
cake"  brought  from  the  magazines  is  placed  in  a  wooden  hopper  holding 
about  700  pounds.  Under  the  open  side  of  this  hopper  works  an  eodless 
band  of  strong  oauras,  having  strips  of  leather  stitched  across  it  at  4 
inches  apart.  This  band  presses  over  two  drums,  the  upper  one  being 
driven  &«m  the  gearing,  so  that  when  in  operation  this  baud  revolves 
and  carries  a  portion  of  the  "mill-cake"  with  it  from  the  hopper  and  dis- 
charges it  over  the  upper  drum  between  the  first  and  uppermost  pair  of 
rollers.  After  being  crushed  and  passingthrough  these,  it  falls  into  the 
second  pair  immediately  underneath,  whero  it  is  further  broken  up  into 
pieces  of  the  required  size.  From  these  it  falls  into  the  spout,  and  is 
conveyed  to  the  boxes  placed  underneath. 

When  the  hopi)er  has  been  filled  with  "  mill-cake"  the  attenduit  re- 
tires to  a  ]>Iace  of  safety,  and  then  stni'ts  the  machine.  After  working; 
for  about  half  an  hour,  which  is  sufficient  to  break  down  a  charge  of  T(X> 
iwunds,  he  stops  the  machine,  and  after  waiting  a  few  minates  enters 
the  house,  empties  the  boxes,  and  removes  the  powder  before  refilling 
the  hopi>€a-. 
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The  meal,  as  taken  from  the  boxes,  ia  conveyed  in  tabs  aud  placed  iu 
other  Hmall  magaziaea,  from  whence  it  is  taken  to  the  press-house. 

All  these  <laugerons  operations  are  carried  on  in  separate  building, 
veil  removed  from  each  other ;  as  a  matter  of  precaution  the  machine  is 
entirely  constructed  of  gnn-metal  and  wood,  except  the  shafts,  which 
are  of  wronght  iron  incased  in  copper. 

THE  HTDEATTLIC  PBBSSIKG  APPABATUS. 

The  last  operation  and  that  of  pressing  the  meal  into  a  solid  cake  ia 
for  the  purpose  of  fitting  it  to  be  made  into  a  hard  grain  of  equal  density. 
The  powder  is  broaght  from  the  small  magazines  to  the  press-house, 
where  if.  is  compressed  int«  hard  cake.  Many  advantages  are  gained 
by  this  operation.  Firat,  the  cake  when  made  into  grain  of  the  required 
size  absorbs  less  moistore  from  the  atmosphere,  the  lasting  qaalities  of 
the  powder  are  much  increased,  especially  if  glazed ;  again,  by  having 
been  compressed  the  powder  is  less  liable  to  be  reduced  to  dust  in  trans- 
port. By  a  closer  connection  of  the  ingredients  a  larger  volume  of  gas 
U  produced,  bulk  for  bulk,  than  from  a  soft  light  powder ;  it  also  pro- 
(Inoes  more  grain  than  could  be  obtained  from  '-millcake  ^  not  pressed; 
there  is  less  waste  by  dust,  and  in  addition  to  this  a  hard  clean  grained 
powder  does  not  foul  the  gun  so  mnch  as  a  soft  powder. 

For  compressing  the  meal  powder  into  "  press-cake  "  a  powerful  hy 
dmlic  press  (Plate  ni.  Fig.  7}  is  employed.  The  apparatus  for  holding 
the  meal  consists  of  a  very  strong  gnn-metal  box  incased  on  the  outer 
and  inner  sides  with  oak ;  it  is  2  feet  square,  and  3  feet  6  inches  deep ; 
the  bottom  and  one  side  are  permanently  fixed  to  each  other,  but  the 
other  sides  are  hinged  to  the  bottom  to  allow  of  their  being  opened; 
when  shot,  these  sides  are  ftrmly  held  together  by  strong  ooarse-tfareadea 
metal  screwe. 

The  box,  when  about  to  be  filled,  is  laid  on  its  aide  in  front  of  the 
press,  and  the  uppermost  side  is  opened  and  laid  back.  Two  guide 
racks  of  gnn-metal,  with  wooden  ribs  on  them,  forming  a  number  of 
gnmves  one-tenth  of  an  inch  in  width  and  five-eighths  of  an  inch  apart, 
are  hang  on  the  inside  of  the  box  to  those  sides  that  have  not 
heen  opened  |  into  these  grooves  a  series  of  gnn-metal  plates  one-tenth 
of  an  inch  thick  are  slid.  The  spaces  between  the  plates  are  filled  with 
the  meal  powder,  the  racks  are  itithdrawn,  leaving  the  plates  supported 
in  their  position  by  the  powder  between  them.  The  third  side,  which 
ha«  remained  open,  is  then  lowered  down  and  screwed  f^t  np  to  the  two 
"ides  already  in  position.  The  box  is  provided  with  two  projecting  gun- 
metal  claws  that  fit  into  a  mandrel  attached  to  the  front  of  the  press ; 
npon  this  mandrel  the  box  is  now  ttimed  by  means  of  overhead  tackle, 
the  mandrel  being  so  adjnsted  that  when  the  box  is  raised  partly  into  a 
vertical  position  it  is  pushed  over  and  lowered  down  exactly  on  the  cen- 
ter of  the  press  table.  Attached  to  the  presd  cross-head  are  two  over- 
head rails,  carrying  a  large  block  of  hard  wood,  which  is  hung  and  travels 
upon  these  rails  by  four  wheels ;  when  the  box  is  turned  over  on  its  side 
for  the  purpose  of  filling,  this  block  is  drawn  back  to  the  extremity  of 
the  rails,  and  .when  the  box  is  filled  and  replaced  on  the  table  and  in 
the  proper  position  for  pressing,  the  block  is  drawn  forward  until  it  ar- 
rive exactly  over  the  center  of  the  box,  where  it  is  retained  by  a  catch. 

The  press  is  now  put  in  motion  by  me-aus  of  pumps,  driven  by  steam, 
water,  or  band  power  in  separate  buildings,  on  the  opposite  side  of  a 
high  traverse  that  divides  one  from  the  other.  In  the  pump-house  the 
attendants  remain  in  safety  while  the  pressing  is  being  done.  t 
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Tiie  pumps  of  the  deacriptioii  generally  used  are  fitted  with  large  aod 
small  plungei'a.  At  first,  when  the  material  to  be  pressed  is  soft,  the 
large  pluugers  are  used  and  the  twx  raised  rapidly ;  but  when  the  press 
has  travelled  about  three-fourth»  of  its  ditstaiiee  the  smaller  oues  are 
worked  until  such  time  as  tlie  ponder  is  subjected  to  a  pressure  of  70 
tons  per  square  foot. 

Wlieu  the  pumps  are  first  put  iu  motion  one  of  tbe  attendants  remains 
in  the  press-house  for  a  short  time  to  see  that  the  block  enters  the  box 
fairly,  aud  that  it  is  in  the  center ;  a  clearance  of  about  a  quarter  of  an 
inch  is  allowed  all  round  between  it  and  the  box.  If  all  is  in  order,  the 
attendant  retires  to  the  pump-house  when  the  requisite  pressure  has 
been  obtained ;  the  press  is  allowed  to  stand  for  a  few  minutes  to  allow 
the  air  to  escape  and  tlie  powder  to  consolidate.  Should  the  pressure 
go  down  &om  this  cause,  the  pumps  are  again  set  in  motiou  until  tbe 
full  iressure  is  attained ;  after  allowing  a  few  minutes  to  elapse,  the  es- 
cape-valve is  opened  and  the  ram  with  the  box  descends.  The  over- 
head block  is  now  run  back  out  of  the  way,  the  box  turned  over  on  its 
side,  all  the  fiiiing  screws  removed,  the  uppermost  side  is  lifted  up  and 
turned  over,  aud  the  other  two  are  opened  out.  The  powder,  with  the 
gun-metal  plates,  will  be  lound  standing  like  a  soUd  mass  on  the  side 
of  the  box  underneath. 

The  plates  and  powder  cakes  are  separated  by  copper  chisels,  the 
cake — ^being  from  three-eighths  of  an  inch  to  one- half  inch  thick,  like  slabs 
of  slate — is  broken  into  pieces  about  the  size  of  a  man's  baud,  by  wooden 
mallets;  is  collected,  put  into  tubs,  and  removed  to  the  next  magazine, 
and  allowed  to  remaiii  for  two  or  three  days;  this  renders  it  bo  banl 
that  it  is  not  easy  to  break  it. 

Some  difficulty  is  experienced  in  obtaining  precisely  the  same  density 
in  the  pressed  powder;  any  great  difference  ui  this  particular  causes  tlie 
powder  to  vary  considerably  in  quality  and  strength;  in  fact,  until  the 
greatest  precision  and  certainty  are  obtained,  first,  in  purifying  the 
ingredients,  and,  secondly,  by  an  equally  precise  amount  of  incorporat- 
ing and  pressing,  uniformity  in  the  quality  and  strength  of  the  powder 
mantiDactured  cannot  be  secured. 

THE  ORA:4ULATINCi  I^ACHINE. 

The  machine  used  for  granulating  the  pressed  cake  is  somewhat  sim- 
ilar in  construction  to  the  breaking-down  machine;  it  is  fitted  with  four 
pairs  of  cutting  rollers,  and  rectangular  screens  below  the  three  upper 
pairs;  these  screens  convey  aoy  grain  not  properly  reduced  by  the  one 
set  of  rollers  to  the  next  under  them. 

The  machine  (Plate  IV,  Fig.  8)  is  composed  of  two  side  frames  of  gun- 
metal,  which  carry  the  rollers,  screens,  and  other  moving  parts.  liie 
rollers  are  placed  iu  pairs  at  an  inclination  of  about  33°,  and  have  a 
vertical  height  of  2  feet  S  inches  between  each  pair;  they  are  7  inches 
iu  diameter,  and  make  from  25  to  3U  revolutions  per  minute,  thus  giving 
a  speed  of  about  48  feet  per  minute  to  their  toothed  surface,  the  length 
of  which  for  operating  uimju  tlie  powder  is  2  feet  6  inches.  The  preas- 
cake  is  fed  to  the  machine  by  an  endless  band  at  the  rate  of  about  30 
pounds  per  minute.  The  teeth  in  the  several  pairs  of  rollers  vary  in 
size  and  form ;  those  on  the  upper  rollers  are  diamond-shaped,  standing 
out  from  the  surface  of  the  rollers;  these  teeth  are  a  quarter  of  an  incb 
apart  and  the  same  in  depth,  and  so  arranged  that  those  iu  the  one 
roller  work  into  the  spaces  of  the  other. 

The  second  pair  of  rollers  have  smaller  teeth,  but  of  the  same  form  aa 
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the  npper  pair;  they  are  a  quarter  of  an  inch  apart,  but  only  one-eighth 
of  aa  iach  iu  depth. 

The  teeth  of  ttie  third  and  foarth  paira  are  differently  shaped ;  in  these 
they  are  formed  by  cutting  V-shaped  ribs  longitudinally  along  therollers 
iDd  rectangular  grooves  a  quarter  of  an  inch  apart  by  one-eighth  of  an 
JDch  in  depth  around  their  uircumferenoes.  The  ribs  of  the  one  roller 
work  into  the  grooves  of  the  other,  and  vice  versa,  and  their  top  and 
bottom  edges  are  slightly  rounded. 

Od  the  side  bearings,  and  behind  each  roller,  there  is  fixed  a  scraper, 
the  edge  of  which  is  provided  with  teeth  corresponding  with  the  grooves 
iu  the  rollers,  so  that  as  the  latter  revolve,  any  powder  adhering  to  them 
is  cleared  ont 

The  back  roller  of  each  pair  is  provided  with  a  sliding  bearing  and  ia 
pressed  forward  towards  the  tcoat  rollers  by  weighted  levers ;  this  ar- 
nug«ment  admits  of  tJieir  opening  when  necessary,  and  permits  a  glut 
of  t^e  or  any  other  hard  material  to  pass  them  with  safety.  This  is  a 
veiy  essential  point,  inasmuch  as  the  process  of  granulating  is  one  of 
tlie  most  dangerous  iu  the  whole  manufacture  of  gunpowder.  All  the 
nillerg  are  inclosed  in  copper  covers  for  confining  the  dust  from  the  cake, 
and  preventing  its  spreading  over  the  granulating  house. 

Three  screens,  one  under  each  set  of  rollers,  for  conveying  the  broken 
cake  from  one  pair  to  the  next,  are  placed  at  an  inclination  of  about  28<^, 
iad  consist  of  copper-wire  gauze  of  eight  meshes  to  the  inch ;  under- 
neath, and  embracing,  all  Uie  rollers  are  three  tiers  of  light  separating 
scieens,  contained  witain  a  deep  frame  set  at  au  angle  of  32°.  The  up- 
per screen  is  of  copper- wire  gauze  of  eight  meshes  to  the  inch ;  the  eeo- 
uud  of  sixteen  meshes  to  the  inch,  while  the  third  is  a  very  fine  (nearly 
close)  screen,  and  receives  the  dust  from  the  upper  ones  and  conveys  it 
iDt4  a  bag. 

Tbe  separatiog-ecreen  frame  is  slung  from  the  gun-metal  framing  of 
the  machine  by  light  springs  made  of  lance-wood.  The  screens  them- 
selves are  also  carried  from  the  frame  by  the  same  means,  and  the  whole 
lias  a  longitudinal  movement  given  to  it  of  182  vibrations  per  minute, 
prodaced  by  polygonal  wheels  on  the  driving  shaft,  which  press  against 
circular  but  loose-running  wheels  attached  to  the  separating-screen 
frame.  The  surfaces  of  these  wheels  are  kept  in  contact  by  the  weight 
ii  the  screen. 

The  process  of  granulating  the  press-cake  is  ae  follows :  The  cake,  hav- 
ing  been  broken  into  pieces,  is  put  into  a  wooden  hopper,  which  holds 
7U0  pounds ;  the  side  of  this  hopper  next  the  inclined  frame  is  open  to 
1  shoot — the  hopper — when  the  machine  is  at  work ;  moves  slowly  up 
ihig  inclined  frame,  the  speed  being  regulated  so  as  to  suit  that  of  an 
):iidleH8  feed-band  made  of  canvas,  with  strips  of  leather  sewn  across  it. 

A  rope  set  in  motion  by  one  of  the  machine  shafts  in  connection  with 
avonn  and  wheel  is  used  to  raise  the  hopper^  the  cake  in  which,  fall- 
iag  tiuough  the  shoot  on  to  the  endless  band,  is  carried  forward  to  the 
uppermost  or  first  pair  of  rollers.  From  these  it  is  conducted  to  each 
^uxesdve  pafr  by  the  screens,  and  these  having  a  quick  vibrating  mo- 
'iOD,  allow  any  grain  that  has  been  broken  small  enough  to  pass  through 
them  into  the  upper  long  separating  screen  in  the  frame  underneath. 
Such  nain  as  is  too  large  to  go  through  any  of  the  screens,  called 
''chuus,"  is  collected  and  passed  through  the  machine  a  second  time. 
The  gnin  which  passes  the  upper,  or  eight-mesh  long  screen,  is  used 
for  oomnKH)  powder ;  that  which  passes  through  the  sisteenmesh  long 
^>CTeea  is  Boitable  for  rifie  or  small-arm  jtowder ;  and  tliat  which  passes 
thRw^  into  the  lower  screen  is  dusL    The  powder  as  it  fiills  from  tbe 
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snrface  of  the  different  screens  is  collected  in  separate  boxes  placed  nn- 
dcrueath  tbe  machine. 

When  the  hopper  has  reached  the  limit  of  its  travel  apwards,  and  all 
the  cake  hae  passed  on  to  the  feeding  band,  which  it  will  do  in  from 
twentf'flve  to  thirty  minntes  aftw  the  machine  has  been  set  in  motion, 
the  hopper  acts,  by  a  self-acting  arrangement,  on  a  clnt«h,  which  throws 
the  rope  wheels  oat  of  gear,  and  thus  stops  the  further  travel  of  the 
hopper,  while  a  counterhalance  weight  prevents  it^  descent.  At  the 
same  tinie  that  the  clutch  throws  the  wheel  out  of  gear,  it  relieves  a 
catch  connected  with  a  wire  spring  and  bell;  the  latter  ringing  in  the 
bomb-proof  house,  where  the  workmen  remain  while  the  machine  is  in 
operation,  gives  notice  that  the  hopper  la  empty.  After  allowing  abont 
five  minutes  fi>r  the  band  and  macliine  to  become  quite  empty,  the  ap- 
paratus is  stopped,  and  the  attendants  leaving  their  place  of  safetj' 
enter  the  granulation  bouse  and  empty  the  grain  from  the  several  boxes 
into  tubs  for  removal.  So  one  is  permitted  to  enter  the  granulating 
house  while  the  machine  is  working,  and,  as  a  further  precaotiouary 
measure,  the  attemlants  or  others  who  have  occasion  to  enter  the  honse 
at  other  times  wear  sewn  hide-leather  boote. 

After  all  the  powder  is  removed,  the  hopi>er  is  let  down  to  its  proper 
place  and  refilled  with  cake,  and  the  machine  is  again  ready  for  use; 
the  attendants  leave  the  granulating  bouse,  from  the  bomb-proof  build- 
ing set  the  machiue  in  motion,  and  remain  under  cover  nntil  the  bell 
again  rings,  when,  after  a  few  minntes,  they  stop  the  machine}  the 
starting  and  the  stopping  are  done  in  the  bomb-irroof  honse. 

When  fine-grain  powder  is  required,  rollers  with  smaller  teeth  are 
used,  together  with  screens  of  24  and  32  meshes  to  the  inch ;  the  dnst  pro- 
duced by  this  machine,  as  welt  a«  from  all  the  others,  is  collected  and 
taken  to  the  incorporating  mill,  where  60  pounds  of  it  is  spread  out  on 
the  bed ;  after  being  well  damped  it  is  worked  nnder  the  edge  runners 
for  about  one  hour ;  it  is  then  fit  to  be  sent  forward  to  Uie  breaking-down 
machine,  the  press,  and  other  subsequent  operations.  The  quantity  of 
dust  produced  varies  considerably  according  to  the  condition  of  the 
teeth  of  tbe  granulating  rollers ;  if  they  are  much  worn,  or  become  foul, 
as  they  are  apt  to  do  during  damp  weather,  the  quanti^  of  dnst  will  be 
considerably  increased,  or,  if  only  fine-grain  powder  is  being  made,  tbe 
percentage  of  dost  will  be  great. 

As  in  tbe  case  of  the  breaking-down  niacbiQe,  so  with  the  grannlating 
machine,  no  iron  or  steel  is  exposed,  and  indeed  there  is  very  little  of 
either  used  in  its  constmctiou,  the  shafts  and  bed-plate  being  tbe  only 
parts  made  of  these  metals ;  the  Ibrmer,  as  well  as  ibe  whole  fiixtr  of  the 
grannlating  house,  is  covered  with  soft  leather-hide,  and  the  shafts  are 
all  encased  in  copper  or  ^in-metal.  The  side  firanies,  rollers,  wheels, 
bolts,  nuts,  and  all  other  parts  of  tbe  machine  are  made  of  guu-metal. 
copper,  or  wood. 

A  machine  of  the  size  described  is  capable  of  granulating  from  130  to 
140  barrels  of  guni>owder  per  day  of  twelve  hours,  each  barrel  to  hold 
100  [wnnds. 

THE  DUSTING  KEELS. 

The  large-grain  powder  ii-om  the  granulating  house  is  called  "foul 
grain,"  owing  to  its  containing  a  large  percentage  of  dnst  that  has  been 
protiuced  under  the  grannlating  iiroceits,  for,  altbougli  a  great  deal  of  it 
is  removed  fi"om  the  powder  by  means  of  the  lower  long  sixteen  mesh 
screen  attached  to  the  grnunlating  machine,  still  the  powder  contains  a 
considerable  qaaatity,  and  tbe  object  of  passing  it  through  tbe  dusting 
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reels  is  to  entirely  remove  what  remaine,  and  at  the  same  time  to  mb 
down  the  rough,  uneven  snr&ces  of  the  grain,  and  thus  prevent  its  becom- 
ini  dusty  again  in  course  of  transiwrt.  Dust  in  powder  is  very  injurious, 
u  it  absorbs  moisture  from  the  atmosphere  very  readily,  wliich  affects 
the  whole  mass. 

The  dustisremoved  from  large-grain  powder  by  horizontal  reels  (Plate 
TV,  Fig.  9)  1  these  are  cylindrical  wooden  skeletons,  supported  upon  a 
central  shaft  by  radial  arms,  the  periphery  of  the  cylindw  being  covered 
with  canvas,  having  twenty-four  meshes  per  inch.  The  reel  is  about 
8  feet  long  by  2  feet  6  inches  in  diameter ;  the  wooden  skeleton  is  made 
in  halves  so  that  it  may  be  easily  removed  for  recovering.  The  ends 
ire  dosed  by  disks,  secured  upon  the  main  central  shaft,  aud  one  end  is 
80  ooostraoted  that  it  can  be  opened  or  drawn  baok  for  the  purpose  of 
unloading  the  reeL 

When  abont  to  be  filled,  the  reel  is  turned  round  nntil  the  charging 
door  is  directly  under  the  feeding  hopper ;  into  this  three  barrels  of  foul 
grain  are  emptied,  aud  when  it  htis  all  passed  through  the  hopper,  the 
door  of  the  reel  is  closed  aud  fastened,  the  reel  is  set  to  work  at  from  40 
to43  revolutions  per  minute  and  kept  in  motion  for  about  half  an  hour: 
at  the  end  of  this  time  it  will  be  found  that  the  whole  of  the  dust  wilt 
have  passed  through  the  meshes  of  the  canvas  coveringj  and  will  be 
Ijing  at  the  bottom  of  the  outer  wood-work  casing  in  which  the  reel  is 
incbsed,  in  order  to  prevent  the  dnst  spreading  over  the  house. 

When  a  number  of  reels  are  used,  they  are  all  driven  from  one  main 
shaft  which  receives  its  motion  from  the  water-wheel  or  steam-engine, 
and  eaeh  reel  is  provided  with  a  separate  clutch,  so  that  any  one  may  be 
ttppiied  or  set  in  motion  without  aftiecting  the  others. 

When  the  reel  has  run  the  requisite  time  it  is  stopped,  and  tbe  one 
end  lowered  aboot  10  inches ;  the  disk  at  the  lower  end  is  slackened  back 
mfficieutly  to  (^ow  the  powder  to  run  out  into  barrels,  which  it  will 
do  when  the  reel  is  again  set  ia  motion ;  when  quite  empty,  the  disk  is 
again  screwed  tightly  up  to  the  end,  and  the  reel  raised  to  its  horizontal 
poaition  ready  for  refllling.  By  this  operation  the  dust  is  not  only  taken 
from  the  powder,  bnt  the  grain,  from  being  rolled  ovot,  has  it«  rough  sur- 
tacfe  rubbed  off,  aud  in  the  case  of  large-grain  powder,  a  sufficient  gloss 
ia  imparted  without  its  having  to  be  passed  through  the  glazing  barrels. 

The  Bne-graiu  powder  used  for  ride  or  small  arms  has  a  much  larger 
importioD  of  dust  than  the  large-grain  powder,  and  is  tlierefore  dusted 
in  what  is  termed  a  "  slope  reel,"  which  consists,  as  in  other  reels,  of  a 
Aeleton  frame  of  wood  fixed  by  radial  arms  on  a  central  shaft,  aud  lies 
at  an  incline  of  l;^inch  per  foot ;  the  covering  of  this  ftame  is  of  very 
iite  canvas,  having  forty-four  meehes  per  inch,  and  the  reel  in  this  case 
bas  00  ends ;  it  is  also  much  smaller  than  the  horizontal  reel,  being  only 
^  mches  in  diameter  by  S  feet  in  length,  and  is  driven  at  38  revolutions 
per  minute. 

The  fine-grain  powder,  as  it  leaves  the  granulating  machine,  is  brought 
from  the  magazine  and  placed  in  the  feetling  hopi>er,  to  which  is  fixed  a 
loose  spout  for  gaiding  the  powder  to  the  reel.  Attached  to  the  central 
"haft  are  three  ribs  or  cams  which,  as  the  reel  revolveSj  come  in  conta<!t 
■ith  and  shake  the  loose  guiding  spout,  imparting  to  it  135  vibrations 
r^r  minute,  thereby  effectually  keeping  it  clear,  the  fine-grain  powder  at 
this  stage  being  very  apt  to  choke  up  the  hopper  and  spout. 

As  the  powder  passes  through  the  reel  when  in  motion  it  is  collected 
in  a  tub  at  the  lower  end;  from  this  it  is  emptied  back  again  into  the 
hop|>er  and  passed  through  the  reel  a  second  time ;  this  oiteration  is 
wnietimes  performed  a  third  time.    The  fine-grain  thus  treated,  being 
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oiily  aboQt  one  minute  in  the  reel,  has  had  no  gloes  imparted  to  it ;  the 
glazing  is  effected  by  passing  it  through  a  glazing  barrel  before  it  is 
rea<ly  for  the  drying-stove. 

THE   OLAZINQ  BABBSL. 

Some  maniitactiirers  glaze  large-grada  powder  by  aaing  black-lead, 
about  half  an  oauce  to  every  lUU  pounds  of  powder.  The  black-lead, 
with  the  powder,  is  put  into  a  glazing  barrel ;  about  one  hour  is  found 
sufficient  to  polish  the  gr.un.  Black-lead  is  also  sometimes  used  with 
the  fine-grain  powder;  althongh  its  use  has  some  advantages,  as  lessen 
iug  the  formation  of  dust,  and  preventing  moisture  &om  affecting  the 
powder  so  readily,  still  it  is  an  impurity,  and  should  be  used  sparingly. 

Becently  plumbago  has  been  used  for  glazing,  and  if  pure  is  preferred 
to  black-lead ;  a  little  more  than  half  the  quautity  is  safflcient  to  give  a 
perfect  glaze  to  the  powder,  and  protect  it  more  effectually  from  the 
action  of  moistore. 

The  apparatus  used  for  glazing  Hue-grain  powder  is  phtced  in  the  same 
house  as  the  dusting  reel.  It-  consists  of  a  wooden  barrel  supported 
and  attached  to  a  shaft  running  through  its  center,  and  the  whole  re- 
volves at  40  revolutions  per  minute.  The  barrel  is  generally  made  of 
oak,  and  about  G  feet  long  by  3  feet  6  inches  in  diameter  at  the  center. 

A  set  of  glazing  barrels  consists  of  four,  each  pair  supported  on  a 
shaft.  These  shafte  are  of  wrought  irou,  covered  on  the  inside  of  the 
barrels  with  wood,  and  receive  their  motion  by  means  of  bevel  gearmg 
direct  tix>m  a  main  shaft.  The  barrels  are  inclosed  in  wooden  casingB 
with  feeding  hoppers  on  the  top.  Into  each  hopper  400  pounds  of  pow- 
der is  emptied;  the  barrels  are  turned  with  their  doors  uppermost,  to  re- 
ceive the  contents  of  the  hoppers.  The  appu^tns  is  set  in  motion  and 
runs  Q*om  five  to  six  hoars,  a  fine  gloss  being  imparted  to  the  powder  by 
the  friction  of  the  grains  against  each  other,  the  sharp  angles  and  cor- 
ners are  robbed  off,  and  the  powder  improved  for  storage  or  for  trans- 
[>ort. 

Each  pair  of  barrels  can  be  stopped  or  put  in  motion  at  pleasure,  by 
throwing  a  cluteh  in  or  out  of  gear ;  they  are  brought  to  rest  with  their 
doors  downwards.  These  being  unfastened  and  opened,  the  powder  ia 
dehvered  into  casks.  The  operation  produces  a  small  quantity  of  dust, 
which  is  removed  by  passing  the  glazed  powder  once  throngh  a  slope 
reel. 

At  this  stage  of  manufacture,  powder  contains  a  degree  of  moisture 
which  must  be  extracted  before  tlie  powder  is  fit  for  use  or  for  storage  j 
this  is  effected  in  the  drjing  stove,  where  both  fine  and  large  grain  pow- 
der can  be  dried  at  the  same  time. 

THE   DBYUfa   STOVE. 

The  drying  store  is  a  close  chamber  heated  to  a  high  temperature  by 
steam ;  the  doors  and  windows  of  the  building  are  double  to  prevent  the 
loss  of  heat;  the  interior  is  fitted  with  an  open  framework  of  wood  to 
support  the  trays  upon  wliich  the  powder  is  spread.  A  series  of  cast- 
iron  steaiu  pipes  (Plate  V,  Fig  10),  of  twenty -two  lengths,  each  about  11 
feet  long,  with  an  external  diameter  of  7^  inches,  are  laid  a  few  inches 
above  thefioor;  these  pipes  are  arranged  horizontally,  with  an  inclina- 
tion of  1  inch  in  11  feet  from  the  end  where  they  are  connected  to  the 
main  steam  supply  pipe,  which  is  in  direct  communication  with  the  boiler; 
the  quantity  and  supply  of  steatn  is  regulated  by  a  stop  valve. 
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As  the  steam  condenseS)  the  water  nms  througli  a,  sraaM  wronght-iroD 
pipe  attached  to  the  ends  of  the  large  ones ;  these  drain  pipes  are  bent 
so  as  to  allow  for  the  expansion  and  contraction  of  the  large  pipes,  each 
len^  of  which  is  supported  on  four  rollers  fitted  into  cast-iron  brackets, 
alloniiig  freedom  of  motion  laterally.  The  small  pipes  condact  the  dis- 
tiiled  water  into  a  main  cast-iron  pipe  which  conveys  it  into  a  close 
tiok,  whence  it  is  taken  to  the  incorporating  mills  and  used  for  dampen- 
ing the  charges.  The  drying  stove  is  about  32  feet  in  length  by  30  feet 
in  width,  and  fh)m  10  to  11  feet  in  height;  affords  about  10  cubic feetof 
space  to  every  square  foot  of  heating  surface. 

A  wooden  staging  erected  immediately  over  the  pipes  supports  the 
tnys;  these  are  wooden  frames  with  canvas  bottoms,  each  being  3  feet 
in  length  by  2  feet  6  inches  iu  width,  and  about  1^  inches  deep,  upon 
each  of  which  from  6  pounds  to  8  pounds  of  gunpowder  is  spread  out 
erenly.  The  stove  contains  2S6  trays,  and  from  30  to  40  barrels  of  pow- 
der can  be  dried  at  one  time. 

It  requires  about  four  hours  to  heat  the  stove  to  a  temperature  of  130^ 
Fahr.,  to  which  the  ])owder  is  subjected.  The  temperature  is  observed 
without  entering  the  drying  stove  by  a  large  thermometer  inside  the 
wiDdow,  The  powder  is  subjected  to  the  full  heat  for  sixteen  to  eighteen 
hoars,  the  stop  valve  then  closed,  and  the  chamber  allowed  to  cool.  In 
tffo  to  three  hours  the  trays  may  be  removed.  One  stove  can  drj-  a  full 
charge  every  twenty-four  hours ;  if  the  factory  is  large  two  stoves  are 
required,  with  the  steam  boiler  between  them  to  work  them  alternately. 
The  heat  must  be  applied  slowly  or  the  texture  or  shape  of  the  grain  is 
apt  to  change  by  being  cracked  or  burst  into  pieces.  The  moisture 
must  be  carried  away  as  it  arises,  to  prevent  iiynry  to  the  grain ;  the 
Rn^  and  bottom  of  tlie  drying  stove  have  veutilaterg  for  its  e8ca]>e.  The 
veDtilatorscan  be  opened  from  the  outside.  When  no  more  vapor  arises, 
the  ventilators  are  closed  and  the  powder  subjected  to  the  hoc  dry  ur  a 
few  hours  before  opening  the  doors. 

In  dtying  powder  a  small  quantity  of  dust  is  produced,  which  is  re- 
moved by  a  dusting  wheel.  Large  grain  powder  is  reeled  for  half  an 
bonr  in  a  horizontal  reel  covered  with  canvas,  having  twenty-four 
meshes  to  the  inch,  to  clean  it  from  dust  and  give  a  fine  finished  gloss. 

Fine-grain  powder  is  run  for  two  hours  through  a  similar  slope-reel 
covered  with  canvas,  having  twenty  eight  meshes.  It  is  put  in  barrels 
provided  with  copper  or  ash  hoops,  the  heads  of  which  are  branded  with 
Uie  size  and  kind  of  powder.  The  gunpowder  is  now  ready  for  use  or 
storage. 

Id  a  given  quantity  of  "mill-cake"  the  proportions  obtained  are  as 
follows ;  Abotft  seven-tenths  large  grain,  two-tetitlts  fine  grain,  and  one- 
tenth  dust ;  in  damp  weather,  liowever,  these  proiiortious  are  somewhat 
altered,  the  dust  being  considerably  increased. 


Government  powder  is  packed  in  barrels  of  100  pounds  each.  Powder 
barrels  are  made  of  well  seasoned  white  oak,  and  lioo[>ed  with  hickory 
or  cedar  hoops,  which  should  be  deprived  of  their  bark ;  the  cedar  is  not 
so  liable  as  hickory  or  white  oak  to  be  attacked  by  worms,  and  it  should 
therefore  be  used  in  preference ;  or  the  hoops  muy  be  pre]»ared  by  iui- 
mersion  in  a  solution  of  corrosive  sublimate.  The  hoops  should  cover 
two-thirds  of  the  barrel.  Fine  grain  powders  may  be  packed  in  canvas 
bags  before  being  barreled.  Instead  of  a  bung  on  the  side,  a  screw-hole 
U  inches  in  diameter  is  made  in  the  head  of  the  barrel,  for  mortar  and 
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mnaket  powder ;  it  ia  dosed  by  a  vood-screw  wltb  an  octagonal  head, 
which  must  not  project  beyond  the  ends  of  the  staves ;  nnder  the  heaa 
of  the  screw  is  a  washer  of  thin  leather,  steeped  in  a  solution  of  beeswax 
in  spirits  of  torpentine.  This  screw-plag  readeni  it  onoecessary  to  take 
ont  the  head  of  the  barrel,  and  the  hoops  may  therefore  be  secnred  with 
copper  nails ;  for  transportatiou,  a  piece  of  clotb  shoald  be  glned  over 
the  head  of  the  plug.  Some  barrela  have  been  made  witlt  six  copper 
hoops,  and  others  with  four  copper  and  eight  or  ten  cedar  hooim ;  the 
oopper  hoops  are  one  inch  wide  andone-eighthirf  an  inch  thick,  f^Btened 
with  two  rivets  and  nailed  each  with  three  copper  naila  0.625  inch  long. 
Average  weight  of  a  hoop  2J  pounds. 

Powder  boxes  lined  with  g^vanized  iron  and  copper  with  lfir;ge  screw 
lids  are  now  on  trial,  holding  100  pounds. 

It  has  been  found  that  lining  powder  barrels  with  India-mbber  cloth 
has  an  iqjurions  efl^t  on  the  powder  in  consequence  of  the  affinity  of 
the  caoutchouc  for  eulphur. 

The  heads  of  powder  barrels  are  painted  blaeJe  in  order  to  show  the 
tnarka  more  plainly  in  dark  magazines. 

DIMBNBION8  OF  POWDER  BABBELS. 

Whole  lenf^th 20. 5  iacbea. 

Leii)(tb,  tutorior,  in  the  cleat IS      incbee. 

Interior  diameter  of  hend 14      inolies. 

lDterinr<liaiDet«r  of  bilge 16      iaches. 

TbioknesB  of  the  Btavesand  hectde 0.5  ioch. 

Weight  of  the  barrel.. 25  {K>undt. 

The  barrels  have  generally  13  hoops,  14  to  16  staves,  and  two  or  three 
pieces  in  each  head.  The  dimensions  are  such  that  with  100  poands  of 
powder  there  shall  be  a  vacant  space  in  tbe  barrel  to  allow  for  shaking 
to  prevent  caking.  The  barrel  will  hold  about  120  pounds  settled  by 
shaking. 

INSPECTION  OF  POWDER. 

The  inspector  of  gunpowder  shonld  satisfy  himself  before  its  reeeptiou 
as  to  the  purity  of  the  ingredients  ein])Ioyed  by  the  manufacturers,  anil 
that  their  proper  preparation  and  careful  manipulation  through  all  the 
various  stages  of  mnnufacture  have  been  rigidly  observed. 

Before  powder  for  the  military  service  is  received  from  the  manufac- 
tnrei\  it  is  inai>ectcd  and  proved.  For  this  purpose  at  least  50  barrels 
are  thoroughly  mixed  together.    One  barrel  of  this  is  proved. 

Musket  powder  should  be  fired  three  rounds  with  ser^-ice  charges. 

Mortar  and  cannon  powder  should  be  fired  three  rounds  with  heaviest 
charges  in  a  field  and  siege  gun  respectively. 

Mammoth,  hexagonal,  cubical,  prismatic,  or  other  special  powders, 
three  rounds  with  battering  charges  irom  the  guns  in  which  these 
powders  are  to  be  used. 

The  density  and  granulation  of  the  powder,  as  well  as  the  velocity  and 
pressure  obtained  in  its  iiroof,  should  conform  to  the  Ordnance  regula- 
tions in  these  respect-i,  for  the  pnrticular  service  or  piece  for  which  the 
powder  is  required,  within  the  allowed  limits  of  variation. 

GENERAL  QUALITIES. 

Gunpowder  should  be  of  an  even-sized  grain,  angular  and  irregular  iu 
form,  without  sharp  corners  and  very  hard.  When  new,  it  should  leave 
no  trace  of  dust  when  jjoured  on  the  iiack  of  the  bund,  and  when  flashed 
in  quantities  of  10  grains  on  a  copper  plate  it  should  leave  no  bead  or 
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(bulness.  It  shoold  give  the  required  initial  velocity  to  the  ball,  and 
not  more  than  the  mazimum  presauie  on  the  gon,  and  should  absorb 
but  little  moistare  &om  the  air. 

SIZE  OF  OBAIS. 

The  aize  of  the  grain  is  tested  by  standard  sieves  made  of  sheet  brass 
[lieroed  with  roond  holes.  Two  sieves  are  used  for  each  bind  of  powder, 
}{oe.  1  utd  2  iar  mnsket,  3  and  1  for  mortar,  5  and  6  for  cannoD,  and  7 
and  S  for  mammoth  powder. 

A  Gompaot  shape  of  grain,  approaching  the  cabe  or  sphere,  is  desira- 
b)e.  Elongated  fiat  s(»les  are  objectionable.  The  Dumber  of  graina  in 
:*ereral  weighed  samples  should  be  counted. 

Diameter  of  holes  for  mnsket-powder Ko.  1,  0.03  in. ;  No.  2,  0.06  in. 

Diameter  of  holes  for  mortar-powder Ko.  3,  0.10  in.;  No.  4,  0.25  in. 

Diameter  of  holes  for  cannon-powder No.  5,  0.25  in. ;  No.  6,  0.5  in. 

Diameter  of  boles  for  mammoth-powder  ..No.  7,  0.75  in.;  No.  8,  0.9  in. 
QeiagoD^,  1  Dimensions  of  these  powders  vary  with  the  caliber  of  the 
Cabitnl,  >  gun  in  which  they  are  used,  and  have  not  as  yet  been 
Prifonatic.     )     definitely  determined  upon  iu  our  service. 

GBAVIUETBIO  DENSITY 

Is  the  weight  of  a  given  meaanred  quantity.    It  is  nrnally  expressed 
by  the  weight  of  a  cubic  foot  in  ounces.    This  cannot  be  relied  upon  for 
the  trae  density  when  accuracy  is  desired,  as  tlie  shape  of  the  grain  may 
make  the  denser  powder  seem  the  UgUter.    Its  only  value  is  a  fair  idea 
of  the  value  of  air  apace  iu  a  given  weight. 
If  W  =  weight  in  ounces  of  one  cubic  foot  of  homogeneous  powder,  or 
the  specific  gravity  x  by  1,000  (assumed  weight  of  a  cable 
foot  of  wat£r  at  1,000  ounces) ; 
W  =:  weight  in  ounces  of  one  cubic  foot  of  same  powder  granulated, 
or  ascertained  gravimetric  density : 
then 
\\ 
W  " 

the  powder, 
and 

1  —  P  =  P'  s:  proportion  or  per  cent,  of  the  cubic  foot  occupie<I 
by  the  air. 

SPBOIFIO  OBATITT. 

The  specific  gravity  of  gunpowder  varies  from  1.65  to  1.8.  It  is  impor- 
tant that  it  should  be  determined  with  accuracy.  Alcohol  and  water 
latnnted  with  saltpeter  have  been  used  for  this  purpose;  but  they  do 
not  fomish  accurate  results.     Mercury  only  is  to  be  relied  upon. 

Bardneu  is  tested  by  breaking  the  grains  between  the  fingers ;  the 
hardness  is  Judged  of  by  experieuce. 

THE    HEBCUBT  DENSUIETBR. 

It  is  very  necessary  that  the  density  or  specific  gravity  of  the  powder 
thoDld  be  most  accurately  determined.  For  this  delicate  operation  a 
^vty  ingenious  instrument  has  been  devised  by  Colonel  Mallet,  of  tbe 
French  army,  called  a  Mercury  Densimeter. 
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On  a  small  table  a  kind  of  barometer  is  fitted  (Plate  VI,  Fig.  14),  but 
instead  of  tbe  glass  tube  being  closed  at  the  upper  end  and  all  in  one 
piece,  as  Is  usual,  it  is  in  this  case  made  in  tnro  pieces  and  open  at  the 
top.  The  upper  part  is  about  24  inches  in  length,  and  ia  connected  to 
the  lower,  which  is  10  inches  in  length,  by  means  of  a  closely  fitting  and 
perfectly  air-tight  screwed  metal  joint;  the  lower  part,  instead  of  being 
a  plain  parallel  tube  of  the  same  diameter  throughout  as  the  upi>er,  is 
made  in  the  form  of  a  globe  or  bulb,  and  on  the  neck  at  each  end  of 
it  a  metal  union  and  stop-cock  are  secured,  both  of  which  are  made 
perfectly  air-tight.  By  means  of  one  of  tbeae  unions  this  glass  globe  or 
lower  half  of  the  instrument  is  attached  to  the  upper,  while  the  other 
union,  into  which  is  screwed  an  open  nozzle  or  metal  tube,  dips  into  a 
cup  fastened  to  the  table  filled  with  mercury.  On  another  table  stand- 
ing by  the  side  of  the  first  one  an  ordinary  air-pump  is  flsed,  with 
vacuum  gauge,  &c. 

It  will  readily  be  seen  that  if  the  upper  part  of  the  glass  tube  of  tbe 
densimeter  be  connected  with  the  air-pump,  and  the  air  be  extractetl 
from  the  glass  tube  whilst  the  lower  tap  is  closed,  a  vacuum  will  be 
formed,  and  that  upon  opening  the  lower  tap  so  as  to  afford  a  fi'««  pas- 
sage for  the  mercury  in  the  cup,  it  will  rise  and  fill  the  glass  globe  and 
upper  portion  of  the  tube  to  such  a  height  as  will  balance  the  pre.asiu« 
of  the  atmosphere,  thus  giving  acolumn  of  niercurj'  of  precisely  the  same 
total  height  as  that  in  an  ordinary  barometer. 

To  use  the  instrument,  two  tables  are  placed  side  by  side,  the  open 
upper  end  of  the  glass  tube  of  the  densimeter  is  connected  with  the  air- 
pump  by  means  of  a  flexible  tnbe,  the  tap  on  the  upper  union  of  the 
densimeter  is  opened,  the  lower  one  is  closed. 

The  air-pnmp  is  worked;  as  soon  as  all  the  air  is  exhausted,  shown  by 
a  vacuum  gauge  attached  to  tbe  air-pump,  the  lower  tap  on  the  glass 
tube  immediately  below  the  globe  is  opened,  and  the  mercury  rushes 
into  the  tube;  when  it  ceases  to  rise,  tbe  two  metal  taps  are  closed,  and 
the  globe  part,  with  tbe  mercury  contained  therein,  is  removed  and  care- 
fully weighed.    All  tbe  mercury  is  now  emptied  back  again  into  the    ' 
cup,  and  the  globe,  nearly  filled  with  a  known  weight  of  gunpowder,    ' 
say  UW  grammes,  is  then  reconnected  to  the  densimeter  under  the  same    j 
conditions  as  before,  and  tiie  air  again  exhausted  until  a  vacuum  is   ' 
formed.    The  lower  tap  is  now  opened,  and  the  mercury  allowed  to  find   | 
its  way  in  and  rise  in  the  tube  j  tlie  mercury  rises  to  precisely  the  same    ■ 
height  in  the  tube  as  before;  but  the  globe  having  been  nearly  filled    ' 
with  gnnpowder  will  contain  less  mercury.    The  taps  ou  the  lower  por- 
tion of  tiie  instnnnent  are  closed,  the  globe  part  removed  and  again 
weighed.    Tliis  weight,  as  well  as  that  previously  asc«rtaiued  wheu  the 
globe  was  entirely  filled  with  mercury,  is  reconled,  and  from  these  two 
ascertained  weights  tlie  density  of  the  powder  can  readily  be  obtaintMl 
by  the  following  mle: 

To  Jind  the  detaitif  of  tJie  gunpowder,  we  have  only  to  multiply  the  ape- 
cijic  gravitg  of  the  mercury  iiy  the  ireUjht  of  the  gunpowder  placed  in  the  • 
glolie  of  the  densimeter,  and  divide  by  the  difference  in  weight  of  the  glat>e 
trhen  Jilted  iritA  mercury  only  and  when  filled  with  gunpowder  and  mercury, 
pht«  the  weight  of  the  powder  placed  in  the  globe;  the  result  will  show  the 
density  of  the  gunpowder  under  test. 

EXJJIPLB.  ' 

8  i»|ii>«'  tlip  wfifilit  nf  rIoIip  when  fiUeil  with  mercury  t-obn 3,  I0<' 

Anil  tbo  ni'i^ht  of  k1o1>«  wheu  tlllal  wirh  niercnry  uid  gunpowder  to  be 9,40)) 


Tbo  ilifferciice  wohIiI  be  .. 
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S.  G.,  weeifio  ZTAvity  of  tlie  mercnrr. 

W.  (i.  P.,  wei^t  of  i^njiuwtleT  iu  tiie  Uiilb. 

D.  W.,  difference  iu  weight  of  gloW  wlieu  tilled  with  miTcurs'  imly,  and  wlii-ii  filled 
"itb  gunpowder  and  mercury, 
iiH-ndw  x"ioo'=  1:K7.00 

Bw,       w.a.r. =  l.etH),  the  density  of  the  gu in lowder  tested ; 

tod   700    +  lOO  =      8U0 

SPECIFIC  OBATITIBB  OF  lAROE-GBAINED  POWDERS. 

The  iustrnment  employed  for  determiaiug  the  specific  gravities  of 
lai^e-grained  powders  was  constructed  after  the  plan  of  one  designed 
by  the  Messrs.  Du  Pont  de  Nemonrs  &  Co.,  and  employed  by  them  with 
rery  satisfai-toiy  results  at  their  works  near  Wilmington,  Del.  It  is 
^  mercury  deitsimeter,  adapted,  by  its  construction,  to  the  reeeptiou  of 
l»rge  grains,  and  haviug  cxpacity  for  five  poondH  of  powder,  which, 
Idt  ronvenieuce,  is  the  weight  of  samjile  always  employed.  It  difiiere, 
kuvever,  from  ttie  small  densimeter  iu  ordinary  use  by  a  eombinatioa 
'■f  the  difl'ereut  parts,  such  that,  the  resei'voir  lor  containing  the  pow- 
iler  and  mercury  to  be  wt'tgltiKl,  and  the  balan4^«  by  means  of  which  the 
treighings  are  made,  are  assembled  together  iu  one  instrument.  The 
Wlaucif  ahio  is  so  a«lapted  to  itH  special  ])urpose  as  to  simx>lif^'  consider- 
dlilythe  Bub!<eiiueiit  process  of  calculation.  A  great  sji\ing  of  labor 
anil  time  is  gained  by  this  form'  of  the  instrument,  and  The  occurrence 
uf  breaks  and  leaks,  so  frequent  in  the  smaller  one,  is  iu  great  measure 
avoided.  Agaiu,  &om  the  much  larger  sample  of  powder  employed,  a 
fair  representative  resalt  of  the  s|)eciflc  graxity  of  the  entire  lot  is  more 
likely  to  be  secured. 

DESCRIPTION   OF  THE  INSTRUMENT. 

Plate  VII.  To  describe  more  particularly,  the  instrument  consists  of 
thi«e  principal  jtarts,  to  wit:  A  beam-scale,  A,  a  reservoir,  B,  to  contaia 
Hit  powder  and  mercury  to  be  weighed,  and  a  bowl^,  to  contain  mer- 
i-iirj-  alone.  Iu  connection  therewith,  an  air-pump,  D,  is  employed,  the 
cylinder  of  which  has  communication  with  the  interior  of  the  reservoir 
ihroagh  a  rubber  tube  leading  from  the  nozzle  z,  of  the  pump,  to  the 
slass  tube  a,  at  the  top  of  the  reservoir.  The  balance  is  suspended  lirom 
a  book,  b,  firmly  secured  to  the  roof  of  the  housing,  and  its  axis  of  sas- 
iwnflon  is  a  knife-edge  lying  in  the  same  plane  with  the  axes  of  siispen- 
Monof  the  ro<lsc  and  if  and  of  the  reservoir  B.  Platforms  e  and /are  at- 
tai-hcd  to  the  suspension  rods  c  and  d,  on  which  to  place  the  weights. 
The  latter  consistji  of  pounds,  tenths  of  a  pound,  and  five-hundredths  of 
»  pound,  marked  in  reference  to  the  weights  ttiey  will  balance  iu  the 
rfSTToir,  and  of  a  large  unmarked  weight  W,  termed  the  counterpoise. 
Tbis  comiteriioise  has  a  cavity  boreil  iu  it  lengthwise,  the  use  of  which 
<ill  appear  liereatter;  its  weight  is  about  8  pounds.  The  long  arm  of 
Ibe  b^m  is  also  graduated,  and  by  means  of"  riders, "  or  sliding  weights, 
llie  weighings  cau  be  made  to  hundredths  and  thousandths  of  a  pound ; 
ibt  graduated  edge  of  the  beam  is  iu  the  same  plane  with  the  knife-edges. 
*  aiid  1  are  counterpoises  aclniitting  of  movement  on  screw  spindles 
[■aiwing  tbroogli  them,  in  directions  that  are  resiieoti\'eIy  imrallei  and 
■■erpeadicalar  to  the  heant.  The  former  is  used  to  adjust  the  anus  to 
tbe  same  weight,  the  latter  to  regulate  the  sensibUity  of  the  beam.  Ii> 
•Munection  with  the  couuterpoine  h,  a  light  wire  k  is  sometimes  used 
aloog  the  beaui  to  fiacilitate  tbe  adjustment  of  the  arms.  The  beam  and 
iu  apparteBances  proper  are  of  brass. 
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The  reser^'oir  B  is  of  cast  iron,  and  swings  on  tniiinions  in  the  yoke  £. 
IC  also  admits  of  a  horizontal  angular  uioTemeiit  about  the  vertical 
pivot  I,  connecting  the  yoke  with  the  supensioii  stimip  m.  A  screw-eap, 
n,  fitteil  with  a  leather  washer,  covers  the  tuontli  of  the  reservoir,  and 
when  removed,  for  the  purpose  of  introilucing  powder,  is  attached  to  the 
hook  o,  on  the  outside  of  the  yoke,  so  as  to  Ih;  included  in  the  weighing. 
The  mercury  is  admitted,  or  witlulrawn,  through  the  stop-cock  «, 

The  conical  ends  of  the  reseri'oir  are  cast  in  se]>arate  pieces  and  are 
afterwards  screwed  on  to  the  cylinder,  the  joints  being  well  leadoi. 
Careful  workmanship  is  requisite  to  i)revent  the  fonuatiou  of  a  ledge,  or 
recess,  at  these  joints,  which  might  serve  to  retain  sufficient  portions  of 
the  mercury  to  affect  the  accuracy  of  the  subsequent  weighings. 

The  diaphragms  of  wire  and  of  leather,  usually  employed  to  cover, 
respectively,  the  upper  and  lower  apertures  of  the  reservoir,  are  not 
required  in  this  instrument.  The  capacity  of  the  reservoir  is  about  TU 
pounds  of  mercury,  or  40  ix>ands  of  mercury  and  .T  pounds  of  powder. 
The  mouth  is  '2^  inches  in  diameter,  and  the  sample  of  powder  lUis  the 
resenoir  to  about  the  top  of  the  cylindrical  portion.  The  weight  of  the 
reservoir  is  2l>i  ponods. 

The  bowlCisof  cast  iron,  and,  by  means  of  the  crank  H,  can  be  raised 
or  lowered  vertically.  An  outlet  pipe,i>,  at  the  bottom  of  the  bowl,  and 
furnished  with  a  stop-cock,  permits  the  discharge  of  the  mercury  when 


The  air-pump  is  one  of  Ritchie's,  in  which,  the  cyUnder  remaining 
stationary,  the  oscilUtion  takes  place  in  the  connecting-rod,  which  com- 
municates the  motion  of  the  handle  to  the  piston-rod. 


The  beam  is  first  accurately  balanced  by  means  of  the  counterpoise  ft. 
and  the  bowl  filled  with  mercury  aud  run  up  till  the  nozzle  of  the  reser- 
voir is  well  immersed  below  the  surfiice.  The  large  counterpoise  W  is 
then  placed  on  the  platform  suspended  from  the  shorter  arm,  the  rubber 
hose  slipped  over  the  top  of  the  glass  tube  of  the  resen'oir,  the  air  ex- 
haoBted  by  means  of  the  pump,  aud  the  stop-cock  s  opened  to  admit  the 
mercury.  The  pumping  is  continued  during  the  ingress  of  the  mercury, 
and  when  the  latter  has  risen  to  a  fixed  mark,  indicated  on  the  glasis 
tube,  the  stop-cock  is  closed  aud  the  rubber  hose  removed.  Usually  it 
is  necessary-  to  ran  oft'  a  little  of  the  mercury  and  lower  its  upper  surface 
to  the  fixed  mark.  The  balance  of  the  beam  is  now  restored  by  dropping 
fine  shot  into  the  ca\ity  of  the  counterpoise  W,  the  weight  of  the  latter 
being  slightly  less  than  the  weight  of  the  filled  reservoir ;  this  done,  the 
stop-cock  g  is  opened  and  the  resen'oir  emptied.  The  coauterpotge  ^V 
is  then  replaced  by  the  S-jmund  weight,  the  screw-cap  removed  an<l 
hooked  to  the  yoke,  and  a  sufficient  quantity  of  the  powder  to  be  tested 
introduced  into  the  reservoir  to  balance  the  o-pound  weight.  The  screw- 
cap  is  then  replaced,  the  counterpoise  W  added  to  the  5-pound  weight. 
and  the  reservoir  filled  with  mercur>',  by  means  of  the  air-pump,  to  the 
same  height  as  before.  The  equipoise  is  now  restored  (the  rubber  tube 
having  been  removed)  by  placing  weights  on  the  plattbrm  suspended 
from  the  longer  arm  of  the  beam,  and,  in  addition,  by  the  "riders''  ou 
the  beam,  if  necessary-.  The  sum  of  these  weights  is  the  weight  of  the 
mercurj-  displaced  by  the  powder,  or  of  a  volume  of  mercury  eqnal  to  the 
volume  of  the  i>ow(ler,  and  the  specific  gravitj'  of  the  latter  results  from 
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the  vell-eetablished  principle  that  the  specific  gravities  of  two  substauces 
are  proportloiial  to  the  weights  of  equal  volumes  of  those  substances. 

Denote  the  sum  of  the  weights  on  the  louger  arm  by  W,  the  weight 
of  the  pow^der  by  to,  and  the  specific  gravity  of  the  mercury  at  the  tem- 
perature of  the  time  of  ob8er\'atioii  by  D,  and  we  shall  have  for  the 
speciSc  gravity  of  the  iwwder,  denoted  by  d  .- 


d=D 


W- 


In  the  use  of  this  form  of  the  densimeters  the  weighiugs  not  only  are 
rapidly  and  accurately  made,  but,  it  is  to  be  observed,  the  actual  weights 
rwioired  for  the  computation  are  obtained  directly  by  a  discrimiuative 
process  peculiar  to  the  balance.  To  simplify  further,  the  weights'for 
the  longer  arm  are  marked  double  their  actual  value  in  reference  to  the 
rasenoir,  so  that  in  the  computation  the  speeiflc  gravity  is  obtained  by 
setting  the  decimal  point  in  the  value  of  D  one  place  farther  to  the 
right,  and  dividing  by  the  value  of  W,  as  indicated  on  the  weights, 
the  effect  being  the  same  as  multiplying  by  2  both  terms  of  the 
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Owing  to  the  considerable  bulk  of  the  sample  employed  with  the  large 
tiensimeter,  and  the  comparatively  large  weights  of  powder  and  mer- 
nif}'  that  consequently  enter  the  formula  for  the  computation  of  the 
«|)ecific  gravity,  very  close  weighing  with  this  instrument  is  not  abso- 
lutely requisite.  A  variation,  lor  instance,  of  '46  grains  in  the  actual 
raloe  of  tf ,  or  of  350  grains  in  that  of  "VV,  would  atfect  the  resulting 
specific  gravity  by  only  two  points  in  the  third  place^of  decimals.  This 
teatnre  is  one  of  great  practical  utility,  as  it  enables  ua  to  dispense  with 
very  small  weights,  and  to  abridge  considerably  the  operations  of 
veigbing. 

INITIAL  OR  MUZZLE  VELOCITY. 

This  is  determined  by  any  of  the  electro-ballistic  machines  available ; 
the  ItonlengS  chronograph  is  one  of  the  simplest  and  most  generally 
used  for  proof  of  powder.  For  a  full  description  and  use  of  the  instni- 
inent,  see  Ordnance  Memoranda,  No.  2^. 

STRAIN  UPON  THE  GUS. 

This  is  determined  by  the  Eodman  pressuregauge.  For  dcsirij  tion 
anil  Qseof  the  instrument,  see  Ordnance  Memorandii,Ko.  25. 

DETERMINATION  OF  MOISTURE  AND  EESKTANCB  TO  MOISTUER. 

The  amount  of  moisture  in  powder  is  determiued  by  drying  samples  in 
an  oven  with  a  water  bottom  (Plate  X«).     X  vessel  of  tin,  double- 
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walled,  except  the  fiice  containing  the  door,  la  fitted  at  the  top  with  an 
opening  for  the  introdnctiou  of  water ;  the  door  is  double ;  the  inner 
skin  lining  bas  perforations  at  the  toj)  to  allow  the  escape  of  moisture 
given  up  by  the  powder.  Ledges  on  the  inside  of  the  oven  support  the 
powder  trays.  Before  use,  the  water  si»aee  is  filled  with  boiling  water; 
a  spirit  lamp  keeps  up  the  beat ;  tbe  supply  of  water  is  kept  up  to  com- 
pensate for  evaporation. 

The  powder  is  subjected  to  heat  as  long  a»  it  loses  weight,  tbe  loss 
indicating  tbe  i>ercentage  of  moisture  driven  off.  On  being  removed 
fh)m  the  oven  it  should  be  trausfened  at  once  to  perfectly  clean,  dry, 
air-tigbt  weighing  bottles. 

Tbe  ability  to  resist  moisture  is  determined  by  subjecting  samples 
which  have  been  dried  to  exposure,  first  in  open  air,  then  in  a  hygro- 
scope  containing  a  sohitiou  oi'  niter  at  100^  cooled  to  80°  Fahr. 

The  hygroscope  (Plate  X&  is  an  air-tight  box  in  which  the  powder  is 
Bnbjecte<l  to  a  damp  atmosphere  at  a  uniform  tcm)>orature  for  24  hours. 
It  consists  of  a  box  lined  with  copper,  witli  a  space  of  two  inches  be- 
tween pauked  with  hair.  The  lid  is  double  aUo,  like  the  sides,  in  con- 
struction ;  an  ludia-rubber  gasket  covers  the  edges  of  the  top,  which  is 
screwed  firmly  down  witli  thumb-3cre\vs.  Inside  the  box  is  a  movable 
perforated  tray  of  copper  resting  on  ledges  8,5  inches  by  8.5  inches. 
The  intervening  spaces  have  water-tight  trays  on  ledges  filled  with  a 
solution  of  niter. 

The  powder  to  be  tested  is  placed  in  circular  cups  of  eoiiper  with  flue 
wire-gauze  bottoms,  aft'oi-ding  ftee  access  of  moisture  to  all  parts  of  the 
sample  under  test.  Tbe  |>ercentage  of  gain  is  det«rmiaed  by  weighing 
the  powder  in  careflilly  prepared  bottles  on  opening  the  bygroscope. 
A  careful  record  is  ke]»t  of  the  barometer,  hygrometer,  external  and 
maximum  and  minimum  internal  thermometers. 

1HC0BP0RA.T10M. 

Ou  breaking  the  grains,  a  fine  nniform  ashen-gray  color  throughout 
should  appear;  the  grain  texture  should  be  close,  without  whit«  specks 
even  when  magnified.  "  Flashiug"  on  glass  or  porcelain  plates,  small 
copper  measures  for  fine-grain  powders  inverted  ou  the  plates,  keeps  the 
heap  nearly  the  same  at  each  trial.  Tbe  powder  should  be  in  small 
conical  heajjs ;  if  the  ineoqroratiou  is  goo<i,  only  smoke  marks  remain 
on  the  plate  after  fiashing ;  if  ba<l,  specks  of  iindecomposed  niter  and 
sulphur  will  form  a  dirty  residue.  The  test  requires  experience  to  in- 
sure good  judgment. 

The  relative  incorjtoration  is  determined  by  the  balance ;  the  greater 
increase  of  weight  on  the  plate,  tbe  less  satisfactory  tbe  powder  in  this 
respect.    Moist  ]iowder  Hashes  badly. 

ANALYSIS  OF  GUNPOWDEa. 

Pulverize  75  grains,  place  in  a  glass  beaker  with  eight  ounces  of  dis- 
tilled water;  stir  rapidly  with  a  glass  i-od ;  when  clear,  test  with  litmns 
paper  for  acids  and  with  tumeric  for  alkalies.  Wash  repeatedly  to  re- 
move all  tbe  sulphur  and  charcoal,  and  examine  the  residuum  with  a 
mici'08C0i»e  for  coarse  particles  of  either  or  foreign  substances.  Deter- 
mine the  amount  of  moisture  by  placing  45  grains  of  powder,  ground 
fine,  in  a  watch  crystal,  dry  thorougldy,  and  cover  the  crystal  with  an- 
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other.  The  weight  of  dish  aad  cover  being  kuown,  th«  loss  of  weight  due 
to  moistnre  contained  in  theai  is  found. 

DETBEJONATION  OF   THE  SULPHUE. 

Put  the  46  grains  of  dry  powder  in  a  pii>ett«,  having  a  wad  of  heated 
asbestos  in  the  narrow  part ;  verilj-  the  weight  of  the  pipette  and  wad ; 
insert  the  pipette  into  a  hole  in  the  cork  of  a  small  Weighed  flask;  treat 
the  powder  with  50  c  c  of  rectified  liisulphide  of  carbon,  remove  the  pip- 
ette and  cork,  recork  the  fiaak,  and  distil  off  the  bisiUphide  of  carbon 
for  fhtare  use. 

A  sand-bath  is  used  during  distillation,  which  must  proceed  very 
slowly,  the  flask  being  raiseil  above  the  sand,  which  must  not  become 
too  warm.  The  percentage  of  sulphur  is  calculated  fi?om  the  weight 
thoH  obtained.  One-tentU  per  cent,  is  added  to  tlie  amount  of  sulphiiT, 
ac  that  quantity  generally  remains  in  the  powder  after  the  treatment 
Tith  the  bisulphide  of  carbon. 

DETERMINATION  OF  NITER. 

The  pipette  containing  the  residue  is  fixed  in  a  small  weighed  flask, 
the  portion  above  the  crook  being  wrapped  in  muslin.  The  tube  of  the 
flask  is  connected  with  an  air-pump  by  a  rubber  tube,  and  the  contents 
of  the  pipette  treatwl  with  40  c  c  of  distilled  water ;  work  the  pump 
carefullj-  to  allow  the  water  to  enter  the  flask  by  drops :  to  prevent 
crystallization  of  the  dissolved  niter  in  the  narrow  part  of  the  pipette, 
cold  water  is  first  used,  then  warm,  and  lastly  hot.  Drench  the  uuislia 
on  the  pipette  with  water  of  the  same  temperature  iis  that  for  dissolv- 
ing the  nit«r.  When  the  flask  contains  40  c  c  of  the  niter  solution,  re- 
move the  pipette  and  evaporate  the  wnt^r  on  a  sand-batli,  removing  the 
flask  occasionally,  and  cool  as  the  solution  becomes  saturated.  When 
the  niter  is  crystalized,  it  is  hc»t«d  until  it  and  the  tlnsk  are  quite  dry ; 
the  weight  of  the  niter  is  then  taken. 

DETERMINATION  OF  THE  CHAECOAi. 

The  !iel>e9tos  wad  and  a  large  part  of  the  charcoal  are  pushed  out  of 
the  pipett«  by  a  wire  into  a  watch  glass;  the  pipette  and  watch  glass 
andconteutB  drie<l  and  weighed;  the  weight  of  the  pipette,  watch  glass 
and  abestos  being  known,  that  of  the  chaixioal  is  obtained.  The  weight 
aided  to  the  sulphiu-  is  of  course  deducted. 

INSPECTION    REPORT. 

The  report  of  inspection  sbonld  show  tlie  place  and  date  of  fabrication 
and  of  proof,  the  kind  of  powder  and  its  general  qualities,  as  the  num- 
ber of  grains  in  100  grains,  its  specific  gravity;  whether  hard  or  soft, 
roaudorangular,  of  uniform  or  irregular  size;  whether  free  from  dust  or 
not;  the  initial  velocities  and  pressures  per  square  inch  obtained  in  each 
Bra;  the  amount  of  moisture  al>sorlH?il;  and,  finally,  the  height  of  the 
bammeter  and  hygrometer  at  tlie  time  of  proof. 

MARKS  ON  TIIF:  BARBELS. 

Bach  barrel  is  marked  on  both  bends  (in  white  oil-colors,  the  head 
paiDt«d  black)  with  the  nnmber  of  the  barrel,  tlie  name  of  the  manu- 
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fiicturer,  year  of  fabiicatioa,  and  the  kiod  of  powder,  cannon,  mortar  or 
mu»Jcet,  &c.,  the  wean  initial  velocity,  the  pressure  per  square  inch  on 
the  pressure-piston,  and  density.  Each  time  the  powder  is  proved,  the 
initial  velocity  is  marked  below  the  former  proofs,  and  the  date  of  the 
trial  opposite  it. 

RESIOBING  ITNSBBTICEABLE  P0WDE;B. 

When  powder  has  beeu  damaged  hy  being  stored  in  damp  places,  it 
loses  its  strength,  and  requires  to  be  worked  over.  If  the  quantity  of 
moisture  absorbed  does  not  exceed  7  per  cent,,  it  is  sufficient  to  dry  it  to 
restore  it  to  service.  This  is  done  by  exposing  it  to  the  sun,  or  in  a 
diying  room. 

When  powder  has  absorbed  more  than  7  per  cent,  of  wat«r,  it  is  sent 
to  the  i>owder-mills  to  be  worked  over,  or  sold  as  condemned  powder. 

When  it  lias  been  damaged  with  salt  wat«r,  or  become  mixed  with 
foreign  matters  which  cannot  be  separated  by  sifting,  the  saltpeter  is 
dissolved  out  from  the  other  materials  and  collected  by  evaporation. 

Proporlioti*  of  iiigrediemtt. 

Saltpetet.  '  Cboninl.  ,    Solpbnr. 

BvlUeMomifUipon- 7t.W    '.         13.S1    '  1L85 

In  tb«  United  ^at«^ 
Fortbtmilltaiy  wnlcelthetatterptopciTtlonltgeiienllyDMdl. !         ^^ 
Tor  sporting J'         "■        j 

luEiialniKl.  iamButTnltodStaUs;  ; 

Foilbe  inlliUTi'  wrvlos |         76.        I 

Por»portln([ ■. J]        ^       i 

Id  FniDce  (Wetteien  pandei  hM  jAieu  beat  reanlti ;  numy 
BipcrimcotB  h»T6  Mtn  mad*  with  Tary'nB  proportions) : 

For  the  nillitarj  «erTlce ,         TS.77S 

ForsponiDK ]         76. 

Forbliating .^ , , ,.__ .;         62. 

Ill  PniuU,  sune  as  Englaud  aod  United  Stalea :  | 

For  the  loUHmy  Mrriie ■         7i 

For  the  uiSiuy  MiTice :         78.6 

For  the  mlUtBrj- service 74. 

PEB8EBTATI0N,  8T0BAG&,  ASD  TBANSPOBTATIOIf. 

Iq  the  powder-magazines  the  barrels  are  generally  placed  on  the  sides, 
three  tiers  high,  or  fours  tiers,  if  necessary.  Small  skids  should  be  placed 
ontlie  floor  and  between  the  several  tiers  of  barrels,  in  order  to  steady 
thetu,  aud  chocks  should  be  placed  at  uitervals  on  the  skids  to  prevent 
the  roiling  of  the  barrels.  The  jMJwder  should  be  separated  according 
to  its  ]iind,  the  place  apd  date  of  fabrication,  and  the  proof-range. 
Fixed  ammunition,  especiiilly  for  cannon,  should  not  be  put  in  the  same 
magazine  with  iiowder  in  barrels,  if  it  can  be  avoided. 

Fireworks  should  never  be  stored  in  powder  magazines. 

lu  a  room  13  or  14  feet  wide,  the  ban'els  may  be  an'auged  in  a  double 
row  in  the  center,  two  al]ey,s  2J  feet  ivide,  and  two  single  rows  6  to  1- 
inches  from  the  walls ;  in  this  way  the  marks  of  each  baiTel  may  be  seen 
and  any  barrel  can  be  easily  reaclieii.  In  a  room  12  feet  wide,  au  equal 
number  of  barrels  may  bo  placed  iu  two  double  rows,  with  a  central 
alley  of  3  feet,  and  two  side  alleys,  next  the  walls,  of  about  10  inches 
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#acL.  There  should  be  an  uueiicumbered  space  of  6  or  8  feet  at  the 
door  or  doors  of  the  mag»ziae. 

Sbould  it  be  Decenary  to  pile  the  barrels  more  than  four  tiers  high, 
the  npi»er  tiers  should  be  supjiorted  by  a  frame  resting  on  the  floor ;  or 
the  barrelB  may  be  placed  on  their  hearts,  with  boards  between  the  tiers. 

Besides  being  recorded  in  the  magazine  book,  each  i>arc«l  of  powder 
should  be  inscribed  on  a  ticket  attached  to  the  pUe,  showing  the  entries 
and  the  issues. 

For  the  preservation  of  the  powder  and  of  the  floors  and  lining  of  the 
iMgaziue,  it  is  of  the  greatest  importance  to  preserve  uuobstnicted  the 
circulation  of  air  under  the  flooring  as  well  as  abo^e.  Tlie  magazine 
should  be  oiiened  and  aired  in  clear,  dry  weather,  ichen  tite  temperature 
of  fto  air  ottttide  it  Imeer  than  that  imiSe  the  magazine.  It  should  not  be 
<^ned  in  damp  weather  if  it  can  be  avoided.  The  ventilators  must  be 
lipt  free ;  no  shrubbery  or  trees  should  be  allowed  to  grow  so  near  aa  to 
|irot«ct  the  building  from  the  sun.  The  magazine  yard  should  be  paved 
and  well  <lraiQed.  The  moisture  of  a  magazine  may  be  absorbed  by 
(hloride  of  lime  ausi^ended.  in  an  open  box  under  the  arch,  and  renewed 
from  time  to  time ;  (juicklinie  is  dangerous,  and  should  not  be  used. 

The  sentinel  or  guard  at  a  magazine,  when  it  is  open,  should  have  no 
Sre-anns,  and  every  cue  who  enters  the  magazine  should  take  off  bis 
shoes,  or  put  socks  over  them:  no  sword  or  cane,  or  anything  which 
mieht  occasion  sparks,  should  ne  carried  in. 

The  windows  should  have  inside  shutters  of  copper  wire-cloth.  Fire 
^hnuld  never  he  kindled  near  the  magaKine  for  the  repair  of  the  roof  or 
iiglitning  rods. 

Barrels  of  powder  sbould  not  be  rolled  for  transportation ;  they  should 
be  carried  in  hand-barrows,  or  slings  made  of  rope  or  leather.  In  mov- 
ing powder  in  the  magazine,  a  cloth  or  carpet  sbould  be  spread ;  all  in- 
stnunents  used  there  shouldboofwoodorcopper,  and  the  barrels  should 
never  be  repaired  in  the  magazine.  When  it  Is  necessary  to  roll  the 
powder  for  its  better  preservation  and  to  prevent  its  caking,  this  should 
be  done,  with  a  small  quantity  at  a  time,  on  boards  in  the  magazine 
yard. 

In  the  spring  an  inspection  of  the  barrels  should  be  made,  and  the 
jioops  sw^t  with  a  brush  wherever  they  can  be  got  at,  to  remove  the 
iiiMcta  which  deposit  their  eggs  at  this  season. 

In  wagons,  barrels  of  powder  most  be  i>acked  in  straw,  secured  in 
SQch  a  manner  as  not  to  rub  against  each  other,  and  the  load  covered 
*ith  thick  canvas. 

Id  transportation  by  railroad,  each  barrel  should  be  carefully  boxed 
3nd  packed,  so  as  to  avoid  all  friction.  The  barrels  should  have  a  thick 
paoljn  under  them.  The  cars  should  have  springs  similar  to  those  of 
passenger  cars. 

MAGAZINES. 

A  plan,  sections,  and  elevations  of  a.  magazine  approved  by  the  War 
Depiu-tment  is  shown  on  Plate  XI.  It  is  built  of  brick,  the  walls  are 
1.0  feet  thick,  provided  with  air-chambers  and  ventilating  passages, 
connecting  with  the  interior  of  the  magazine  and  exterior  air.  A,  are 
the  air  chambers  in  the  body  of  the  wall:  B,  communications  between 
air  chambers  and  interior  of  magazine;  C,  air-passages;  D,  commnni- 
tatioDB  between  upper  and  lower  air-passages ;  E,  fommunieationa  be- 
tween upper  air-passages  and  exterior  air ;  F,  communications  betweeo 
lover  air-passages  and  interior  of  magazine;  G,  lower  surfaces  of  pro- 
JKtions  of  the  roof,  to  be  sealed  with  tin,  [terforated  with  small  holes, 
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and  painted  ou  both  aides  to  obtain  free  circulation  of  air  under  the 
roof.  The  coTering  of  the  roof  is  slate ;  gutters  and  spouts  copper. 
The  ceiling  is  composed  of  light  fiat  arches  sprung  from  iron  beams. 
For  details  of  construction,  see  Plate  XI. 

A  magazine  60  by  40  feet,  of  this  construction,  is  ample  for  the  service 
of  most  of  onr  arsenals. 

A  small  vestibule  with  double  doors  may  be  added.  An  interior  «lo<>r 
of  wire  should  be  provided,  and  wire  screens  for  the  two  windows  at  the 
end  of  the  magazine  opposite  the  door.  The  interior  of  the  magazine 
may  be  sheathed  to  a  height  of  5  feet,  with  clear  narrow  boards,  one 
inch  from  the  walls. 

Magazines  at  arsenals  should  be,  when  practicable,  protected  by  arti- 
ficial traverses,  aiid  locateil  a^  far  from  other  buildings  as  the  arsenal 
site  will  admit    The  site  should  be  thoroughly  drained. 

For  powder  depots,  magazines  of  a  capacity  of  5,000  barrels  should 
be  built  in  preference  to  smaller  ones ;  they  should  be  protected  from 
each  other  by  hills,  natural  or  artificial  traverses:  be  located  far  away 
from  other  powder-mills  or  laboratories  and  buildings  on  the  reserva- 
tion, and  capable  of  thorough  drainage  and  fr^e  ventilation. 

Service  magazines  constntcted  of  light  wrought-iron  beams,  sheathing,', 
&c.,  with  working  drawings,  were  furnished  the  department  by  the  late 
General  Bodman,  in  1860.  lu  future  constructions,  this  or  some  kin- 
dred plan  will,  no  doubt,  be  t^lly  considered. 

POWDEE  DEPOTS. 

Large  depots  for  storage  of  i>owder,  materials  for  its  maunfkctnre' 
and  a  powder  factory  for  making  experimental  imwders,  establishing  the 
best  method  of  insuring  luiformity  of  manufacture  of  service  powdere. 
and  maintoining  a  high  uniform  standard  of  the  various  kinds  of  pow- 
der required  for  small-arms,  field,  siege,  and  heavy  ordnance  obtained 
ft<om  private  manufacturers,  has  been  long  recognized  as  a  paramount 
need  of  the  Ordnance  Deptutment. 

One  such  depot,  for  storage  of  powder  only,  has  been  estabhsfaed  neat 
Saint  Louis ;  a  part  of  the  government  reservation  at  Jefferson  Barracks 
having  been  taken  for  the  purpose,  and  a  number  of  magaziues  capable 
of  storing  50,000  barrels  of  powder  erected.  The  ground  selected  is 
suitably  located  and  isolated,  well  drained,  the  magazines  separated 
from  each  other,  and  protected  by  natural  traverses.  It  has  also  con- 
venient railroad  and  water  connections  with  the  West,  South,  and  Norib- 
west. 

A  snitable  large  powder-depot  with  government  powder-mill  is  now 
greatly  needed  on  the  Atlantio  coast.  Sun-eys  of  tracts  have  been  and 
will  be  he  made  and  a  siutable  one  recommended,  the  following  consid- 
erarions  governing  its  selection: 

ist.  That  the  depot  should  be  in  a  region  of  country  which  does  not 
admit  of  being  populated,  so  that  destruction  of  life  and  property  in 
case  of  accident  would  lie  a  minimum. 

2d.  The  tract  should  l>e  sufficient  in  extent  to  contain  snitable  posi- 
tions for  magazines  for  storage  of  10,000  tons  of  powder,  material  for  its 
manufacture,  &c.,  and  the  necessary  buildings  for  a  government  pow- 
der-mill. 

3d.  It  should  be  near  enough  to  rail  and  water  transportation  to  affonl 
focilities  of  traDsportation  to  the  seaboard,  interior,  and  the  lakes,  hav- 
ing a  short  line  of  government  railroad  connecting  the  site  with  rivers 
aiM  tmnk-linei. 
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Kagazines  at  oar  arsenals  are  of  but  limited  capacity,  and  endanger 
large  amonnts  of  public  as  Tcell  as  private  property,  and  bave  become  a 
great  soiirte  of  complaint.  Storage  of  powder  at  the  magazines  of  our 
seaboard  forts  is  very  objectionable,  as  powder  so  stoi'ed  deteriorates 
verj-  rapidly.  At  present  there  are  on  band  2,500  tons  of  powder  aod 
3,iW0  tons  of  niter  stored  at  insecnre  and  unsuitable  places,  which  should 
be  properly  provided  for  without  unnecessary  delay. 

LIOHININO  CONDUCIOES. 

(Co&densed  from  a  "Circular  memorandum"  issued  by  General  Bur- 
;:uyne,  inspector  general  of  fortifications,  British  army,  from  the  re- 
searches of  Sir  William  Snow  Harris,  F.  E.  S..  1858.)     Plate  XIL 

It  appears  to  be  established— 

That  metal  in  a  building,  whether  dispo8e<l  of  in  the  form  of  a  conductor 
i>r  otherwise,  never  attracu  lightning. 

That,  provided  the  surfaces  of  metals  are  not  interrupted  by«  bodies 
IKKsessing  a  less  conductlng-power,  a  building  entirely  of  metal  will  be 
tbf  safest  of  all,  and  that  such  buildings  require  no  further  lightning- 
conductors  than  connection  with  the  earth  over  the  masonry  foundations 
■in  vhich  they  arc  often  laid. 

Iliat,  with  regartl  to  a  building  of  brick  or.stone,  the  object  must  be 
lo  establish  a  sufficient  number  of  lines  of  electrical  conductors,  extending 
Erom  it»  most  elevatc<l  and  prominent  points  to  tlie  grouud ;  and,  further 
Iniug  the  building  into  a  condition  similar  to  that  of  a  metnl  building 
by  means  of  other  conductors  generally  attache<l  to  more  prominent  lines 
of  the  building  itself,  such  as  the  ridges,  angles^  and  eaves. 

Tbere  is  no  advantage,  but  the  contmry,  ia  endeavoring  to  insulate 
the  conductors  from  the  building. 

The  best  material  for  conductors  is  copper,  either  in  tubes  1 J  to  2  inches 
diameter  and  .125  inch  to  .2  inch  thict,  or  wire  rojw. 

All  metal  surfaces,  whether  lea<.l,  copiter,  or  iron,  on  ridges,  roofs,  gut- 
ters, or  coverings  to  doors  or  windows,  to  be  connected  by  plates  of  cop- 
per ffith  the.  conducting  systeii!.  Lead,  on  iieconut  of  its  low  couductiug- 
|mwer,  cannot  be  altogether  depeudetl  upon. 

One  or  more  solid  copi>er  rods,  to,  project  freely  into  the  air,  about  5 
feet  above  the  highest  points  of  the  buUdiiig  to  which  the  main  conductors 
*«  applied.  The  summit  of  the  rod  to  be  pointed ;  but  gold,  gilt,  or 
I'latiuum  tops  are  nnnece.'isary. 

The  tennination  of  the  conductors  below  to  be  led  into  damp  or  porous 
*>i!  when  the  building  happens  to  stand  uiwii  it;  but,  when  the  soil  is 
dry,  two  or  three  trenches  to  be  cut,  nuliating  firom  the  foot  of  the  con- 
dm-tor  to  a  depth  of  18  inches  or  two  feet  and  30  feet  in  length,  and 
either  the  conductor  carried  along  the  bottom  of  the  trenches  or  old  iron 
chain  laid  in  them,  carefully  connected  with  the  foot  of  the  conductor. 
The  trenches  to  be  then  ftlled  up  to  one  foot  in  depth  with  ooal-ashes  or 
nther  carbonaceous  substance^  and  afterwards  with  earth  or  gravel. 

If  it  be  possible,  in  regulating  the  surface  drainage,  to  leatl  a  How  of 
water,  during  the  rain  which  generally  accom)>anies  thunder-stonns,  over 
the  site  of  the  trenches,  it  will  be  an  additional  preciiution. 

Tanks  are  useless,  except  where  the  water  flows  freolyinto  them  from 
tilt  surrounding  soil,  and  even  then  they  are  superfluonH  as  appendages 
lo  the  cood  actors. 

The  conductors  for  brick  or  stone  magazines  with  slate  roofs  should 
oiiiiiist  of  a  sheet-copper  strip  4  inches  wide  and..l25  inches  thick,  cover- 
'og  the  ridge  and  securely  fixed  to  it  by  wrought-copper  nails.    At  each 
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end  of  the  ridge  a  solid  copper  rod  .5  iucb  iu  diameter  is  fixed  to  the 
conductor  on  the  ridge,  and  projects  alxiut  5  feet  above  the  highest  point 
of  the  building;  its  iipiier  end  is  pointed. 

Copper  strips  3  inches  wide,  or  copper  tubes  one  inch  in  diameter, 
pass  domi  the  angles  of  the  hip,  and  ai-e  finnly  secured  to  the  copper 
eaves-gutter. 

The  descending  water-pipes,  made  also  of  copper,  and  fastened  to 
the  face  of  the  building  by  copper  holdfasts,  are  connected  at  their 
lower  end  to  the  underground  conductor  by  a  piece  of  copper,  3  inches 
wide,  wrapped  around  the  lower  end  of  the  water-pii>es  and  riveted  to 
the  underground  conductor. 

The  underground  conductor  runs  out  from  the  buildiug  i  feet,  and 
then  branches  into  two  parts,  each  8  feet  long,  2  inches  wide,  and  .12S 
inch  thick.  These  conductors  are  about  2.5  feet  from  the  surfece  of  the 
ground  at  the  lower  end,  and  are  covered  with  coal  ashes  and  earth. 

The  copper  sheathiags  on  the  tloors  and  windows  are  connected  with 
the  loVer  end  of  the  water -piiws  by  flat  copper  strips,  2  inches  wide, 
fixed  to  the  water-table  by  copi»er  nails  driven  into  wooden  pings  about 
10  feet  apart. 

When  tubular  conductors  cannot  he  had  of  sufiScient  length  in  one 
piece,  they  are  connected  by  a  union  joint,  and  strengthened  by  a  small 
pipe  or  ferrule,  about  4  inches  long,  inside  the  tube,  and  riveted  to  each 
end. 

Buildings  which  have  the  eaves-gutters  and  down-pipes  made  of  tin 
or  zinc  should  have  a  main  cfindnctor  communicating  directly  with  the 
ground^  it  should  also  be  connected  with  the  eaves-gutters,  and  the 
down-pipe  should  connect  by  a  metallic  communication  with  the  ground, 
running  out  some  distance  from  the  building. 

In  case  of  buildings  situated  on  a  drj-  or  rocky  soil,  especial  pains 
must  be  taken  to  lay  down  old  chains  or  other  conduotors  in  varioua 
dii-ectiona,  to  a  distance  of  10  to  15  yards,  and  from  1  foot  to  1.5  feet 
below  the  surface  of  the  ground;  and,  if  possible,  lead  a  flow  of  ram 
over  the  surface  of  the  ground  about  or  near  the  condnctor.  Let  the 
conductor  terminate  in  a  large  surface  of  moist  earth  whenever  it  can 
be  eflFected. 

If  copper  be  not  used  for  conductors,  zinc  is  the  next  best  material  of 
which  they  can  be  made.  If  iron  be  used,  it  should  be  in  the  shape  of 
galvanized  wrought-iron  pii)e,  not  less  than  2  inches  in  diameter,  firmly 
screwed  together  in  joints  of  extra  thickness. 

Copper  tube,  of  a  thickness  of  from  .125  to  .2  inch  is  always  to  be 
preferred;  it  has  more  than  five  times  the  capacity  for  conducting  elec- 
tricity than  iron  has,  and  more  than  three  times  that  of  zinc. 

SPECIAL  POWDBBS. 

For  some  years,  it  has  been  a  recognized  fact,  that  the  ignition,  com- 
bustion, and  explosive  eflfect  of  gunpowder  depend,  in  a  great  degree, 
on  the  size,  ehai>e,  and  density  of  the  grain,  and  that  guns  of  different 
caUbers  require  for  their  most  efficient  service  jjowders  differing  in 
these  featui'es  in  oi-der  to  secure  the  best  results.  The  rapid  increase 
in  weight  of  projectiles  with  the  increase  in  caliber  of  guns,  and  the  com- 
paratively smaller  jiower  of  resistance  of  the  guns,  renders  it  uecessarj' 
that  the  rate  of  L-ouibustiou  of  the  charge  be  regulated,  so  as  to  reduce 
the  strains  on  the  guns  as  much  as  possible,  white  at  the  same  time  pre- 
serving high  initial  velocity  to  the  projectile,  thus  rendering  practicable 
the  use  of  the  heaviest  guns,  projectiles,  and  charges. 

The  amount  of  gas  evolved  at  the  first  instant  of  inflammation  and  com- 
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bastion  is  meaAui-ably  controlled  by  the  size  and  form  of  grains,  offering 
a  lesser  snrfa««  of  ignition,  and  the  increased  density,  offering  greater 
resistance  to  the  penetration  of  the  hot  ga^a  through  the  grains,  grad- 
oates  its  rapidity  of  burning.  The  tbrm  of  grain  affecting  the  amount 
(if  snrface  exposed  to  combustion — that  shape  which  offers  a  compara- 
tively small  surface  at  the  first  instant  of  ignition,  increasing  )irogres- 
sively — is  theoretically  the  beat. 

Experiments  by  all  civilized  nations  have  settled  beyond  cavil  the  im- 
portant part  played  by  powders  suited  in  the  above  qualities  to  the  gnns 
in  which  they  are  to  be  used,  and  have  led  to  the  adoption  of  large-grain 
[Nin-ilers  in  heavy  guns,  resulting  in  the  production,  among  the  best,  of 
maninioth,  pebble,  cubical,  hexagonal,  and  perforated  prismatic  powder ; 
the  honor  of  the  first  investigation  and  practical  results  in  this  direc- 
tiOD,  being  universally  awarded  to  the  late  General  Rodman,  Ordnance 
Department,  U.  S.  A." 

Scarly  all  the  great  powers  of  Europe  have  powder-mUls  under  the 
iniiriediate  anpervision  of  their  own  officers  and  agents ;  and  the  quality 
ofpoirders  made  at  them  is  held  deservedlyin  high  estimation.  While 
ihese  mills  are  insufficient  for  supplying  all  the  Wants  of  the  resi>ective 
governments,  the  great  care  in  selection  and  manipulation  of  the  best 
mattfrials,  and  close  attention  to  every  detail  of  manufacture,  serve  to 
maintain  a  high  standu^  of  quality  of  powder,  and  regulate  the  price 
anil  excellence  of  that  necessarily  obtained  &om  private  mauufacturere. 
Thf  United  States  would  profit  by  following  so  excellent  an  example,  by 
establishing  a  powder-mill,  under  official  direction,  of  limited  capacity. 

Ihe  roy^  gunpowder  factory  of  England  is  located  at  Waltham 
Abbey ;  those  of  Bussia  are  the  Ohktenskoi ;  the  Michael-Schosta 
(saltpeter  district) ;  the  Kazan  (at  which  most  powders  for  military  and 
oavat  service  are  made). 

Germany  obtains  her  powdeiB,  in  part,  from  the  government  factories 
at  Spandau  and  Neisse ;  the  standard  quality  of  that  procured  from 
]>nvate  factories  being  regulated  by  the  former. 

France  now  has  five  gunpowder-works — Ripault,  Bouchet,  Saint 
Chamas,  Angoul^me,  and  Esquerdes. 

Belgium  luis  a  large  powder-mill  at  Wetteren,  and  produces  large- 
grain  powders  of  most  excellent  quality. 

*  The  Uto  General  RoAtuan,  one  of  the  oriKinal  devisers  of  [mprovenicnis  in  heavy 
^n  voustmctionis  experimentcil  an  early  as  11^60  with  mammoth-g^rain  piiirders,  and 
n-vfloped  their  nse  in  the  L'nited  States,  in  Iho  he»Ty  sraootli-bore  aims  lirarine  his 
liUof.  snd  its  heavy  ntlo  guns.  Hrs  ingeiiiona  and  fruitful  miiiA  ImI  him  a  little  later 
W  «etk  a  solntion  of  the  problem  of  increased  enduranm  of  heavy  onliiance  by  better 
roDtrolliof;  the  combnstion  of  powders,  in  the  use  of  various  sizes,  forms,  and  increased 
d'MJti™  fif  grain.  General  Bodman  wa^  the  pionoor  io  the  iovestiniilioii  of  several 
fonusof  large-KTBJn  powdera,  as  pebble,  lenticular,  perforated  prismatic,  and  iwrforated 
cillmlrical  cake  powders.  The  limited  appropriatiODS  nTailable  at  thu  command  of 
TOf  Onlnante  Department  and  want  of  a  national  powdRr-mill  very  inucli  dwarfed  his 
•ilierinwnta,  and  delayed  their  prosecution  to  conclosive  proof  of  their  (jrent  vnhic,  a 
'rw  Mtimate  of  which  is  found  in  the  fact  that  they  have  now  been  nim-e  fully  devel- 

rl  biith  iu  this  and  foreign  eountrira,  and  led.  to  the  general  adoption  by  all  flwt- 
'povenofsoinesuchiiowdvrNintheirheavy  onlnauce;  forexampli',  HussiaandOer- 
nwny  have  ailopt«il  pertomted  prismatic  cake  powder;  England,  i)ellet,  cubical,  and 
pfblil*  powders;  the  Frolic li,  the  powder  of  Wetteren  and  Bonchi't;  the  Italian,  thedioe 
|K>Bit«rof1hp  FoswiDo  Jlills  near  Turin;  the  L'nilfd  Slates,  bcnagoual,  nud  has  also 
'ipmuiented  nuecessfully  with  all  the  other  varieties. 

Tbr  Ktrat  importance  to  be  derived  from  increased  and  unifonu  density  of  i>owdera 
11  iSrrting  their  explosive  (jiialities  and  conseqnent  strain  ou  gana,  has  at  the  same 
'<Bur  attracted  the  general  attention  of  those  atndying  the  subject. 

Experiraenta  are  still  in  progress  to  ileterminB  the  liest  dewription  of  giinpowdeta 
*^t  111  kinds  of  guQs,  whose  employment  in  laree  charges  shall  he  attende<l  with  the 
'^'ii  n^nlts  and  the  least  risk  of  overstraining  tne«a  guns.  , 
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Anstria  obbiius  her  powder  from  govenunent  and  private  mills 
Italy,  from  Fossaoo. 

H£XA.aONAL  POWDER. 

Experimeute  were  made  at  Fort  Monroe  in  1872  and  1873  with  wLut 
is  knowu  as  hexa^onal-graiued  i)owder,  manufactured  by  llesars.  E.  I. 
Da  Pout  &  Co.,  Wilmiugton,  Del.,  wliicU  demonstrated  its  sui)eriority 
for  heavy  ordnance,  giving  low  maximum  pressures,  with  good  veloc- 
ities and  great  uniformity  of  action.  One  of  the  samples,  designate*! 
by  the  manufacturei's  as  "  E.  V.,"  was  selected  for  proof  of  the  converte<l 
8-  and  9-iacli  rifled  guns  iu  1874,  Hexagonal  powder  has  been  employed 
since  that  date  in  trial  and  proof  of  all  S-iuch  coiirerted  guns.  The 
oniform  size  of  graiu,  and  their  polyhedral  shax>e,  insure  great  uniform- 
ity iu  position  and  size  of  the  interstices  in  the  make-up  of  the  cartridge  : 
this  insures  with  a  uniform  density  of  grain  a  high  degree  of  uniform- 
ity in  pressures  and  velocities  from  given  charges  of  powder  and  weights 
of  prtyectUes.  The  powder  used  is  composed  of  United  States  standard 
proportions  of  the  ingredients,  with  a  specitic  gravity  of  1.7311.  Its 
Bhape  and  dimensions  are  given  on  Plate  IX. 

The  cartridge-bags  were  made  allowing  0.8ij.inch  windage ;  the  mate- 
rial being  woolen  serge. 

MANUFACTUBB  OF  HEXAGONAL  POWDEB  AT  DU  PONT'8  POWDER-MIl,l.><. 

Plate  IX. 

The  proportions  of  tlie  ingredients  of  hexagonal  powder  conform  to 
the  United  States  standard,  and  up  to  the  completion  of  the  incorpora- 
tion in  the  wheel  mill,  its  manufacture  in  like  that  of  ordinary  powder. 

Mealing. — The  wheel  mill  t-Jike  is  revolved  in  a  cylinder  of  wire- wove 
cloth,  with  wooden  balls,  niitil  it  is  mealed. '  i 

Premittg. — The  mealed  powder  is  then  carefully  pressed  between  hori- 
zontai  metallic  plates  or  dies.    The  powder  comes  out  in  a  sheet  oi'  cake    ' 
of  i>olyhedrat  granules  unite<1  along  their  vertical  edges,  tiie  dies  beiog 
nearly  perfect  dodecahedrons. 

Oraining. — The  press-cake  is  passed  between  rollers  armed  with  brass 
onttiug  teeth  at  an  angle  of  from  60°  and  120°  to  the  axis,  which  cut  the 
cake  into  granules,  their  cross-section  being  almost  hexagonal,  whence 
the  powder  derives  its  name. 

Olaxing. — The  powder  is  then  sent  to  the  glazing-mill  and  glazed. 

Sruahing. — The  pow<ler  is  next  passed  repeatedly  through  the  bnish- 
ing-maeliiue.  This  consists  of  a  frame  with  brushes  revolving  near  an 
inclined  plane  along  which  the  powder  passes  by  the  motion  of  tlie 
brushes. 

I>rying. — The  brushing  ended,  the  powder  goes  to  the  dry-house  where    : 
it  is  dried.    The  powder  is  now  minutely  examined,  its  specific  gravity 
taken,  and  a  count  made  of  the  granulation ;  a  variation  of  two  granules 
to  the  pound  being  enough  to  condemn  the  powder. 

Kebrvthing  and  redryiug. — If  satisfactory,  the  iMwder  is  again  passed 
through  the  bmshing-machine,  redried,  and  tlien  receives  a  third  brush- 
ing. 

PacHng. — ^The  powder  is  now  packed  iu  barrels  and  is  ready  for  iu- 
spectiou. 

PBISUATIC  PEBPOBATED  CAKE  POWDER. 

The  adoption  of  this  form  of  powder  by  some  nations,  and  production 
of  snitable  machuiery  for  its  manufacture,  necessitated  the  use  of  presses 
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of  pecnliar  constrnction  to  insure  sufficient  and  uitifona  density ;  the 
prvss  (Plate  VIII)  to  be  so  devised  as  to  produce  uniform  size  and  shftpig 
uf  grains,  and  aflow  their  ready  withdrawal  from  the  molds ;  the  sur- 
fae*.s  snch  as  to  allow  close  packing  in  a  given  space.  These  cousidera- 
tione  led  to  tie  adoption  of  a  regular  geometrical  figure ;  the  hexagon 
offers  a  good  shape  tbr  piling,  the  angles  being  all  sufficiently  obtuse  to 
prevent  breaking  or  spawling  at  the  edges.  Eacli  layer  and  the  whole 
fartridge  is  easily  made  up.  Perforations  were  found  necessary  to  io- 
*nif  better  and  more  uniform  control  of  combustion  in  the  grain.  The 
uuuiber  of  perforations  first  adopted  were  seven — one  centraJ,  the  other 
sis  at  eqnal  distances  from  the  centi-al  one — although  one  perforatioD  in 
Tlie  center  has  been  found  snfHcient. 

PBBPAKATION  OF  THE  POWDER-BASB. 

The  ingredients  for  the  manufacture  of  tffe  powder-base  are  the  same 
A*  nsed  in  manufacture  of  ordinary  powder.  The  pulverized  materials 
fiir  220  ponnds  are  placed  in  a  wooden  dnim  line*l  with  sole-leather,  with 
■VSO  pounds  of  bronze  balls,  and  subjected  to  1,44(1  revolutions  at  the  rate 
of  8  or  10  per  minute.  The  jiowder  is  then  brought  to  the  moistening 
table  of  wood  surrounded  by  an  upright  edge,  over  which  is  Buai>ended 
a  graduated  glass  measure  having  a  copjwr  pipe  and  nweat  the  bottom. 
Oil  the  table  a  charge  of  55  pounds  of  powder  is  spread  and  moistened 
ffilh  aj  quarts  of  distilled  water.  It  is  then  passed  from  a  hopper  to  an 
•^iiiUess  tranvas  belt  20  inches  wide,  between  a  lower  paper  and  upper 
iKtmze  roller,  weighing  2,425  pounds,  making  a  revolution  in  twelve 
miiiQtes.  The  bronze  roller  can  be  weighted  to  exert  a  pressure  of  60,000 
Iimnds.  The  powder  is  then  broken  into  coarse  lum]>s  by  wooden  mal- 
lets, and  granulated  to  two  sizes  of  grains ;  the  first,  cannon  imwder — 
used  for  manufacture  of  the  prisms — is  passed  through  a  sieve  of  0.26 
inch  diameter  of  holes. 

BIANOFACTUEE  OP  PEEPORATBD  PEISMATIC  POWDBE. 

Onlinary  grain  powder,  made  as  above,  is  of  a  specific  graA-ity  of  1.5, 
aud  too  elastic  for  use  in  the  press.  By  reworking  it  loses  a  part  of  its 
cbwricity,  and  is  then  fit  for  formation  of  the  prisms  by  the  following 
Iirocess:  The  powder-base,  as  above,  is  moistened  with  lii  jier  cent,  of 
irater,  passed  through  the  spindle  press  with  the  prescribed  pressure 
Mil  granulated  grain  and  dust  being  collected  in  a  receptacle.  This 
misttire  of  grain  and  dust  is  dried  in  the  air  or  by  artificial  heat  till  I J 
|T  cent,  of  the  moisture  remains.  It  is  placed  in  a  mising-drnm — 220 
[xxmtls  of  powder  and  330  pounds  of  bronze  balls — and  subjected  to  1,410 
revolutions,  moistened  and  pressed  as  before,  giving  it  a  specific  gravity 
»f  1.6T5  to  1.75.  It  is  granulated  and  separated,  the  cannon  size  again 
ihied  by  air  till  6  per  cent,  in  dry  weather  of  moisture  remains,  and 
l>laced  in  barrels  covered  with  damp  cloths  for  use. 

POSJMAnON  OP  PEISMS. 

The  press  for  this  pnriMwe  is  constructed  to  give  a  pressure  of  65,000 
IKiumls  per  square  inch.  It  consists  of  a  heavy  casting  on  a  stone 
foandation ;  a  main  and  secondary  shaft,  one  fixed  and  two  movable 
cToss-headB.  The  main  shaft  carries  a  heavy  wheel  at  each  end,  over 
"hieb  belts  conduct  the  power  from  the  center  shafting  to  the  press.  It 
bas  a  ttateh  operated  bv  a  lever  for  starting  and  stopping  the  machine;  , 
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two  pinions  on  the  main  operate  geared  wheels  on  the  secondary  shaft, 
on  vhiob  two  eccentrics  and  cranks  operate  respectively,  by  connecting 
rods,  the  lower  and  upper  movable  cross-heads.  These  have  each  six 
hexagonal  stamps  perforated  with  seven  holes,  which  enter  coirespood- 
ing  hexagonal  molds  on  the  lower  cross-head.  Six  groups  of  seven 
needles  are  fixed  in  such  position  that  they  extend  up  through  the  per- 
forations of  the  lower  stamps  throughout  into  the  molds  and  enter  the 
perforations  of  the  upper  stamps  as  the  latter  descend  to  press  the 
powder  in  the  molds ;  these  form  the  perforations  in  the  prisms.  Tbe 
eccentrics  and  cranks  operating  the  cross  headn  are  timed  so  that  wbcD 
the  upper  stamps  have  reached  their  lowest  point  of  descent,  the  lower 
ones  are  moving  upwani  giving  the  extreme  pressure,  after  which  the 
upper  stamps  ascend  anil  tbe  lower  ones  simultaneously  push  the  per- 
forated prisma  np  from  the  molds.  The  lower  stamps  constitute  the 
bottom  of  the  molds.  The  molds  are  filled  from  a  hopper  having  a  table 
with  forwanl-and-back  motlrili,  containing  six  suitable  measures  which 
receive  the  powder  from  the  hopper;  the  charging  table  moves  forivard 
and  drops  the  charge  in  the  molds ;  its  edge  carries  the  prisms  brought 
up  from  the  mold  to  an  inclined  shelf,  whence  they  are  removed.  Tlie 
capacity  of  the  i>owiler  measures  can  be  regulated  as  desired.  Tn-o 
rooms  are  required  for  each  press ;  one  for  the  press,  the  other  for  the 
prisms. 

Before  starting  tbe  press,  tbe  mold-needles  and  stamps  and  M  rub- 
bing surfaces  ought  to  be  oiled  with  a  light  pure  oil  or  graphite. 

All  surplus  lubricaut  must  be  wii>ed  off.  Tbe  jwwder  to  be  pressed 
ought  to  have  at  least  5f  per  cent,  of  moisture.  The  moist  prisms  weigh 
about  020  grains  each,  and  must  not  vary  more  than  .1  grains.  The  first 
two  sets  of  prisms  should  be  Hyected  because  of  excess  of  oil.  Tbe 
weight  of  prisms  must  be  verified.  Three  men  can  work  a  press  j  a  cai- 
rier  for  every  press  is  also  required.  The  height  and  weight  of  the 
prisms  must  be  verifleii  from  time  to  time,  and  the  powder  in  the  hop- 
per stirred  from  time  to  time.  Loase  i>owder  must  be  brushed  away 
Ihmi  tbe  stamps  and  top  of  the  molds;  lubricate  as  often  as  once  an 
hour.  If  a  needle  breaks,  stop  the  press  and  replace  it  at  once.  On 
dry  days,  tbe  powder  loses  moisture ;  this  will  be  indicated  by  increaseil 
height  of  prisms  or  ribrations  of  the  press,  in  which  case  moisten  with 
i  per  cent,  of  moisture,  which  is  done  in  a  drum  by  a  fine  rose 
sprinkler.  The  prisms  pressed  by  the  press  contain  about  5  i>er  cent. 
of  moisture,  and  must  be  dried  to  about  jj  per  cent,  by  exposure  to  air 
or  on  shelves  in  a  suitably  arranged  drying^room ;  they  are  titen  exposed 
to  a  temperature  of  120^^  Fabr.  for  48  hours,  and  are  ready  for  packing. 

The  prisms  are  pa^sked  in  wooden  boxes  in  layers  (12  rows  of  11,  aud 
11  rows  of  9,  6  deep)  weighing  about  110  pounds  to  the  box. 

The  prisms  are  ivgular  hexagons  (>".992  high  and  1".6  mdtb  across 
the  angles.  The  packing-boxes  are  of  inch  stuff,  and  may  be  tin-lined. 
Two  sheets  of  felt — the  smaller  at  one  end,  the  other  on  top — keep  the 
prisms  from  rubbing  against  each  other  in  transportation. 

The  boxes  have  rope  bandies,  and  are  marked  with  the  weight,  kind, 
place,  and  date  of  fabrication  of  tbe  powder. 

THE  PELLET  POWDER  MACHINE. 

Pellets  are  formed  by  compressing  tbe  powder  meal  into  metal  molds. 
Vai  ious  shapes  and  sizes  were  tried ;  some  were  flat  discs,  others  prisms, 
but  the  shape  which  found  most  favor  at  flist  was  the  cylindrical  i)ellbt 
ij  inch  in  diameter  by  i  inch  in  length,  and  weighing  9.5  grains.    Origin- 
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ally  tbeae  were  made  by  band,  bat  it  was  soon  apparent,  that,  if  required 
JD  i»rge  qoaatities,  inacliiaery  would  have  t«  be  de\i3ed  for  their  pro- 
(laciiua;  consequently  a  large  machine  of  Homewbat  novel  description, 
and  capable  of  making  400  pellets  at  one  time,  -was  designed  by  Dr.  John 
Anderson,  and  mann^tured  at  Birmingham.  This  machine  (Plate  Y, 
Figs.  11  and  12)  is  worked  entirely  by  means  of  hydraulic  power  derived 
from  an  accumulator,  which  affords  a  pressure  equal  to  1 ,000  pounds  per 
square  inch.  The  machine  consists  of  two  hydraidic  cylindera,  with  a 
dirigion  in  the  center  of  each^  thus,  in  reality,  making  fonr  cylinders^  in 
the  two  upper  ones  a  plain  cylmdrical  ram  is  littecl,  which  merely  rises  and 
Ms  as  the  water  is  admitted  underneath  the  ram  or  is  withdrawn. 
These  rams  are  used,  first,  for  compressing  the  pellets,  and  second,  for 
tjecting  them,  when  finished,  out  of  the  mold  plates.  The  two  lower 
dirijions  are  fitted  with  pistou  rams,  securely  attached  to  cross-heads, 
tthieli  are  united  together,  and  also  conueete<l  to  two  other  cross-heads 
above  the  cylinders  by  means  of  strong  wroaght-iron  side  rods,  provided 
"ith  collars  working  between  lugs  east  upon  the  hydraulic  presses,  and 
soadjDSted  as  to  allow  only  a  certain  limiteil  travel  either  up  or  down. 
The  npper  cross-heads  can  be  ai^justed  to  their  exact  positions  by  means 
nf  screwed  threads  and  lock  nuts  on  the  upper  end  of  the  side  rods. 
The  Dse  of  the  lower  piston  rams  is  to  close  the  npper  openings  iu  the 
uuld  plates  by  bringing  the  top  punches,  which  are  connected  to  the 
upper  cross-heads  by  a  gim-metal  plat«,  down  upon  the  mold  plate,  and 
thus  confine  the  meal  powder  in  the  molds.  The  npper  rams  are  now 
^lovly  raised,  and  these,  acting  upon  the  lower  punches,  compress  the 
IKfRiter  in  the  mold  plate.  After  the  proper  density  has  been  secured, 
tlie  action  of  the  lower  rams  is  reversed,  by  which  means  both  the  lower 
Mil  upper  cross-heads  receive  an  upward  motion,  thereby  raising  the 
upper  punches  clear  out  of  the  way,  so  as  to  admit  of  the  compressed 
I>elleta  being  ejected  out  of  the  mold  plate,  and  this  is  done  by  giving  a 
further  upward  motion  to  the  two  plaiu  cylindrical  rams.  This  will  be 
tetter  ooderstood  by  referring  to  the  enlarged  view  {Fig.  12),  where  the 
sxAi  plate,  which  is  double,  may  be  supposed  to  contain  a  charge  of 
lueal  powder  in  the  mold  ready  for  compressing  into  a  pellet.  The  lower 
(Kin  of  the  mold  is  closed  by  the  lower  steel  punch  that  fit»  the  mold 
rery  accaratelyj  while  the  point  of  the  punch  rests  upon  the  top  surface 
of  tiie  plain  cylindrical  ram  in  the  upper  part  of  the  hydraulic  cylinder. 
The  Qpper  punch  is  also  of  steel,  but  much  larger  in  diameter  than  the 
lower  one. 

To  compress  the  powder  in  the  mold  and  form  a  pellet  requires  four 
"tistinct  movements  of  the  macliine.  Frst,  the  upper  punch  is  brought 
Jiiwii  until  it  rests  upon  the  mold  plate  and  closes  the  mold;  this  is 
f%:ted  by  a  downward  motion  of  the  two  lower  piston-rams,  to  which 
the  npper  and  lower  cross-heads  are  connected  together  with  the  upper 
lioncties.  Secondly,  the  lower  punches  are  raised  by  the  two  upi>er  plain 
nas,  and  the  powder  is  compressed  in  the  mold  between  the  two 
piuiches.  Thirdly,  when  the  pellet  is  sufSciently  compressed,  the  upper 
panches  are  raised  from  off  the  mold-plate,  this  being  done  by  revers- 
ing the  action  of  the  two  lower  piston-rams  until  the  upper  cross-head 
and  punches  are  at  a  sufiicient  height  to  admit  of  the  compressed  pellet 
king  ejected  out  of  the  mold  plate.  This  fourth  and  last  operation  of 
ejecting  the  pellet  is  effected  by  allowing  the  upper  plain  rams  to  rise 
^1  further,  and  thus  force  the  finished  pellet  ont  of  the  mold  by  means 
otthe  lower  steel  punches. 

All  these  operations  are  simply  and  readily  performed  by  means  of  a 
v>T(-  ingenious  arrangeinent  of  valves,  the  attendant  having  nothing  to 
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do  beyoud  placing  a  handle  in  the  several  positions  indicated  on  a 
dial.  These  valves  are  so  constructed  that  the  water-tmwer  is  admitted 
to  the  two  presses  simultaneously,  whilst,  by  a  self-acting  arraugeiDent, 
the  pressure  is  shut  off  by  the  press  itself  when  it  has  traveled  the  re- 
quired distance.  A  relief  vdlve  is  also  provided  to  allow  any  excessive 
pressure  to  escape  should  it  accumalate  fi-om  any  cause,  and  this 
prevents  damage  bappeuiDf?  either  to  the  pipes  or  other  parts  of  the 
apparattiB, 

It  is  seen  that  a  machine  of  this  description  is  capable  of  making  pel- 
lets of  almost  any  shape,  such  as  cylindrical,  hexagonal,  prismatic,  or— 
what  is  iwBsibly  the  liest  of  all — spherical,  by  merely  altering  the  form 
of  the  mold  and  punclies.  In  the  machine  referred  to  there  are  (on  a 
revolving  table,  the  tinme^vork  oi  which  is  made  of  gun-metal),  foiinnold 
plates  iltted;  each  contains  200  holes,  but  as  there  are  only  two  hydraulic 
presses  to  the  machine  it  follows  that  only  two  seta,  or  400  molds,  are 
under  conipression  at  one  time,  so  that  if  we  number  these  mold  plates 
consecHtively.  then  Xos.  1  and  3  vrill  be  under  pressure  whilst  Nos.  2  and 
4  are  being  filled.  When  the  powder  in  Nos.  1  and  3  mold  plate  is 
Bitfilciently  compressed,  and  thepelletsformed  therein  have  been  removed, 
ttie  entire  table  is  turned  one-fourth  of  the  way  round  by  means  of  a 
handle  and  a  toothed  pinion  working  into  eorresiwnding  teeth  provided 
round  the  jreriphery  of  the  gun-metal  table,  tlie  revolving  of  which  is 
much  axfiisted  by  eight  small  anti-friction  rollers  ttxed  to  the  cast-iron 
frame  of  the  machine ;  these  rollers  sup^wrt  the  gun-metal  table  as  it 
revolves  upon  its  own  center.  Xos.  2  and  4  mold  plates,  which  ha\e 
been  wholly  tilled  with  meal  powder,  are  now  brought  under  the  cross- 
heads  of  the  machine  and  are  in  ]K>sitiou  for  the  i>owder  contained  therein 
to  I>e  comjiressed into peUets,  whilst  Nos.  1  and 3 in  tuni  take  their  places 
to  be  relilled ;  the  oi>eration,  therefore,  of  pressing  and  refilling  are  con- 
tinuous, and  the  machine  is  cajmlile  of  producing  a  large  quantity  of 
pebble  iKiwder  per  day  and  with  verj'  little  waste. 

THE  PEBBLE-POWDEE  MACHINE. 

Since  the  pebble  powder  was  first  brought  into  nse,  another  descrip- 
tion of  large-grain  powder,  called  "  pebble  powder,"  has  been  introduced 
for  serrice  with  guns  of  large  caliber.  This  jicbble  powder  is  formed  of 
large  grains  ranging  from  eleven  sixteenths  of  an  inch  to  as  much  aa  2- 
inch cubes;  to mauufecturethisclassofpowderexpeditiously and  cheaply, 
has  brought  forth  another  description  of  machine  for  forming  the  pebbles 
by  cutting  up  previously  compressed  cakes  into  cubes  of  the  required 
dimensions.    This  is  done  in  the  following  manner: 

The  cake  as  brouglit  from  the  press-house  is  of  the  thickness  of  the 
required  cubes ;  this  cake  the  machine  has  to  cut  up — first,  into  loii},' 
strips  of  the  same  width  as  the  thickness  of  the  cake;  and,  secondly, 
to  cut  these  long  strips  transversely  into  cubes.  This  is  accomplished 
in  the  machine  by  means  of  two  pairs  of  roUei-sinthcfoUowingmanuer: 
The  cake  is  fed  to  a  hopper  immeiliately  above  the  first  pair  of  rollers, 
provided  with  knives  upon  their  surfaces  to  cut  the  cake  into  long  strips. 
The  strips  fall  on  an  endless  traveling  band,  wliich  conveys  and  carries 
them  to  the  second  pair  of  rollers  where  they  are  cut  transversely  into 
cubes.  They  tlien  drop  into  a  spout,  and  are  delivered  to  a  revolviug 
sifter  covered  with  copper  wire,  which  conveys  the  cubes  to  a  number  of 
wooden  boxes  contained  in  a  small  gun-metal  truck ;  &e  dost  and  small 
pieces  &11  through  the  sifter  into  other  boxes,  and  are  taken  back  to  the 
pteas-house  and  worked  up  again. 
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The  framing  of  tliis  machine  (Plate  TIj  Fig.  13)  is  composed  entirely 
of  gim-metal,  and  lias  the  requisite  Beatinga  cast  npon  it  for  the  recep- 
tion of  the  several  brackets  and  x)ede6Uds,  which  are  also  of  gnn-metal, 
as  weU  as  the  cntUng  rollers,  each  pair  being  about  7  inches  in  diameter, 
with  a  namber  of  equidistant  teeth  formed  upon  their  sur&ices  out  of 
the  eolid  metal. 

Tbeae  rollers  are  securely  fixed  tiiioii  vrought-irou  shafts,  M'hich  re- 
ceive their  motion  from  a  main  driving  shafb  by  spur  gearing.  The 
noderaidesof  the  bearings  of  these  rollers  are  planed  and  faced  so  as  to 
^Je  in  tbeir  respective  brackets.  One  of  ea«h  pair  of  bearings  is  fitted 
with  a  spring  box  controlled  by  a  set  screw,  by  means  of  which  the  amount 
of  resistance  to  the  opening  of  the  rollers  ia  adjusted.  Blocks  of  liard  wood 
ate  also  fitted  between  each  pair  of  bearings  to  act  as  stops,  and  thus 
determine  the  miuimum  distance  between  the  surface  of  the  rollers,  and 
an  adJQStable  gun-metal  scrajwr  is  fitted  to  each  roller  for  removing  the 
sarplns  powder  from  its  surface. 

A  skeleton  carrying  band,  made  of  two  leather  belts  fitted  with  ash 
noes-bars  of  a  triangular  Section  and  at  about  3  inches  apart,  is  provided. 
These  wooden  cross-bars  are  riveted  with  copper  rivets  to  the  leather 
belts  and  to  gnn-metal  strips  upon  their  under  side^  these  strips  being  of 
such  a  form  as  to  serve  the  purpose  of  teeth  for  driving  thelKUid.  This 
endless  band  works  upou  two  gun-metal  drams;  the  one  is  driven  by 
gearing  from  the  main  shaft,  and  the  other  is  fitted  in  adjustable  bear- 
ings, which  can  be  tightened  by  means  of  a  screw  so  as  to  take  up  any 
ilacK.  These  drums  are  made  with  fianges  at  each  end,  and  have  re- 
cesses formed  on  their  barrels  to  receive  the  gun-metal  projecrions. 

A  sliding  table  made  of  hard  wood  and  provided  with  four  gun-metal 
gnwed  wheels,  which  travel  upon  V  rails,  also  of  gnn-metal,  ia  fitted 
to  work  underneath  the  carrying  band^  and  travels  at  a  uniform  rate  of 
>iwed.  The  top  surface  of  this  table  is  covered  with  leather,  and  made 
perfectly  smooth;  a  reciprocating  motion  is  given  to  it  by  means  of  an 
endless  chain  of  sheet  copper,  upon  one  link  of  which  a  stud  is  fitted 
ud  works  in  a  gnn-metal  block  that  slides  in  a  bracket  fixed  upon  the 
DUderside  of  the  table.  A  weighted  gun-metal  frame  is  also  provided, 
and  80  adjusted  that  the  under  side  of  it  rests  upon  the  upper  surface  of 
the  bars  of  the  carrying  band ;  the  ends  of  this  frame  aro  fitted  with  gun- 
metal  stay -rods  which  project  and  work  in  slotted  brackets  connected  to 
tiie  machine;  thefrtimeis  by  this  means  free  to  rise  if  the  pressure  from 
any  cause  exceeds  that  of  the  weights  by  which  it  is  held  down.  Th& 
under  side  of  the  frame  is  planed  and  made  perfectly  smooth,  so  as  to 
allow  the  carrying  band  to  work  finely  between  its  under  side  and  the 
upper  side  of  the  sliding  table. 

The  feeding  web,  which  is  made  of  strong  Dowlas  canvas,  is  driven 
bj  a  gun-metel  drum  7  inches  in  diameter,  ^e  following  roller  being  IJ 
inches  in  diameter;  the  top  surface  of  this  web  is  supported  by  a  board 
to  prevent  ita  sagging,  and,  in  addition,  the  bearings  wherein  the  shaft 
of  the  driving  drum  revolves  are  provided  with  slides  made  adjustable 
by  means  of  screw-gearing. 

A  revolving  sifter  is  fitted  nndemeath  the  second  pair  of  rollers,  and 
works  in  bearmgs  bolted  to  the  under  side  of  the  framing  of  the  machine ; 
this  sifter  ia  composed  of  a  number  of  gnu-metal  drums  keyed  uimjd  a 
*hafl,  and  its  periphery  is  covered  with  copper  wire,  the  whole  being  in- 
closed in  a  wooden  casing.  Underneath  the  sifter  three  sliding  boxes 
*n  placed  to  receive  the  dust  and  small  pieces  which  pass  through  the 
wpper  wire  covering  of  the  screen.  At  the  end  of  the  sifter  a  gun-metal 
traveling  truck  or  carriage  is  provided,  with  four  wheels  adapted  to  run 
9  0BD 
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upon  V  gim-metal  rails  fixed  upon  the  floor.  This  carriage  is  capable  of 
liolding  five  wooden  boxes,  each  about  18  inches  square,  into  which  the 
finished  pebbles  fall  from  the  end  of  the  sifter  as  it  slowly  revolves.  A 
wooden  hopper  of  snfflcient  width  to  cover  the  entire  length  of  the  roller 
is  provided  for  feeding  the  press  cake  into  the  first  pair,  and  a  sheet- 
copper  casing  is  fitted  to  the  second  pair,  with  a  spout  at  the  bottom 
for  conveying  the  pebbles  into  the  sifter. 

All  exiwsed  parts,  such  as  the  ends  of  wroaght-irou  shafts,  &&,  are 
covered  with  recessed  gun-metal  washers  securely  fixed  to  them,  and 
any  others  which  may  he  made  of  iron  or  steel  are  covered  with  leather. 
AU  bearings  are  fitted  with  suitable  lubricators,  and  channels  or  pipes 
for  conveniently  and  efiBciently  lubricating  the  rubbing  surfaces;  and, 
as  it  is  of  the  utmost  importance  that  no  oil  or  greasebe  permitted  to 
come  in  contact  with  the  powder,  the  bearings  of  the  cutting  rollers  are 
fitted  with  sheet  copper  casings  made  in  halves  and  hinged,  so  that  the 
upper  part  can  be  lifted  and  the  bearings  cleaned.  The  copper  casings 
at  the  geared  end  of  the  rollers  are  sufQciently  large  to  contain  the 
wheels  and  act  as  drip-pans.  , 

The  pebbles  from  this  machine,  as  well  as  the  pellets  &om  the  hydraulic 
apparatus,  are  generally  taken  to  the  glazing  barrels  to  glaze  them  and 
round  off  the  sharp  comers. 

WIENEE  POWDER. 

Colonel  Wiener,  of  the  Russian  artillery,  has  patented  a  process  of 
making  gunpowder,  claimed  to  be  superior,  and  its  manufacture  safer, 
simpler,  cheaper,  and  more  ex]>editious,  than  that  made  by  the  ordinaiy 
process :  its  peculiarity  is  the  exclusion  of  water  and  substitution  of  heat 
to  240O  Fahr.,  in  forming  press-cake.  The  cake  is  broken  into  gtains  as 
usual ;  the  powder  is  ^ee  fh>m  dust;  it  absorbs  less  moisture,  and  is 
said  to  have  greater  and  more  uniform  force.  The  saving  is  estimated 
at  40  per  cent.  Samples  were  shown  in  the  Russian  exhibit  at  the  Cen- 
tennial exhibition  at  Fhilidelphia. 

ITALIAN  "PROOEESSITE  POWDER" 

Is  made  of  grain  powder  of  various  sizes^  from  0.1  to  0.6  inch,  and 
"  Carina"  or  meal  powder,  mixed  in  proportions  of  1  and  2  of  grata  to  1 
of  meal.  This  mixture  is  pressed  into  cakes  of  various  thickness  and 
broken  up  into  irrogular  grains — resembling  our  mammoth  powder,  and 
cubes  from  1  to  2  inches  on  a  side — (the  pressure  reduces  the  mass  to 
about  two-thirds  of  its  thickness,  or  say  1.75  specific  gravity.)  The  ir- 
regular grains  and  cubes  make  up  the  charge. 

OUH-COTTON. 

This  Gomiiaratively  new  and  powertiil  explosive  has  not,  as  yet,  ob- 
tained favor  in  nulitary  circles,  on  account  of  its  supposed  want  of  sta- 
bility. Becent  experiments  and  investigation  tend  to  show  that  this 
supposition  is  not  warranted,  if  the  gun-cotton  is  properly  prepared. 
Its  manufacture  should  be  intrusted  to  competent  and  responsible  par- 
ties only,  and  conducted  with  the  greatest  care  and  circumspection.  A 
factory  has  been  established  at  Waltham  Abbey,  under  the  immediate 
supervision  of  officers. 

In  all  the  various  stages  of  manufacture,  the  gon-cottoa  is,  in  a  wet 
state,  entirely  harmless,  and  its  manipolation  unattended  with  danger. 
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Special  bnildiogs  and  precantioDS  are  therefore  not  required  in  ito  muia- 
factore;  brick  buildings  and  steam  motors  are  available. 

Long  stf^le.  high  quality,  raw  cotton  is  the  best.  Waste  cuttings, 
such  aa  is  o^ed  for  cleaning  machinery,  ie  preferred,  for  the  reason  that 
it  has  been  thoroughly  cleaned.  The  waste  must  be  free  &om  impniltiee, 
such  as  seed-husks  and  foreign  sabstances,  and  dry.  It  is  first  picked 
over  by  hand,  and  then  passed  through  a  machine  with  toothed  rollers, 
which  open  and  loosen  the  cotton,  and  subject  it  to  a  strong  blast  to  blow 
off  foreign  matters. 

To  remove  moistore  absorbed  at  ordinary  temperatures,  it  is  eabjected 
to  a  tempaatme  of  126°  for  20  miuntes  in  a  drying  room,  heated  by  air 
in  contact  with  coils  of  hot  pipes ;  ventilation  carrying  off  the  moisture. 

The  cotton  is  fed  by  a  trough  to  endless  belts,  with  a  slow  motion, 
canymg  it  &om  one  belt  to  another,  and  leaving  it  in  a  close  closet 
Wlien  tiioroughly  dry,  it  is  weighed  out  in  parcels  of  aboat  one  pound, 
and  stored  in  a  cool  place,  in  closed  tin  boxes. 

Ibe  acid  used  must  be  highly  concentrated  and  of  uniform  speciflo 
gravity ;  the  nitric  1.52  and  the  sulphuric  1.85.  The  acids  are  thoroughly 
mixed  in  the  proportion  of  three  sulphuric  to  one  of  nitric,  by  weight,  first 
jAaeed  in  separate  tanks,  provided  with  pipes  or  ontlets  and  brought  to- 
lether  in  a  single  pipe,  in  which  a  mixer  moves  by  a  pulley  on  the  out- 
Bide.  After  mixing,  the  acids  are  forced  into  tanks  well  covered  and 
allowed  to  oool  to  ttie  temperature  of  the  atmosphere. 

The  cotton  being  immersed  in  the  acids,  the  nitric  acid  acts  on  the 
Mtton,  and  this,  with  the  liberated  watw,  causes  considerable  heat, 
which  mnst  be  regulated  and  controlled.  For  this  purpose  the  vessels 
in  which  the  cotton  and  acids  are  placed  are  smroonded  by  cold  water. 
The  tanks — 14  inches  wide,  2^  feet  long,  and  16  inches  deep,  filled  with 
the  proper  measure  of  acids — are  placed  in  troughs,  throagh  which  a 
constant  dow  of  water  is  kept ;  into  these  tanks  the  one-poimd  charges 
of  cotton  are  dipped.  Each  workman  is  charged  with  three  consecutive 
tanks;  he  receives  the  charges  for  these,  plunges  the  first  into  a  tank 
and  leaves  it,  then  plunges  a  charge  into  the  second  and  third  tanks. 
By  this  time  the  charge  in  the  first  tank,  having  been  exposed  sofBciently 
long  to  the  action  of  the  acids,  is  taken  oat  with  an  iron  fork  and  laid 
on  a  grating,  where  the  acid  is  removed  as  far  as  can  be  by  using  the 
fork  as  a  lever.  The  charge  is  then  placed  in  an  earthen  jar,  covered, 
and  deposited  in  the  soaking  room  for  21  hours  in  a  basin  of  water.  The 
cotton  absorbs  about  eleven  times  its  weight  of  acids.  The  workman 
replaces  this  amount  with  firesh  acids  in  the  tanks,  puts  in  a  new  charge, 
and  proceeds  to  the  second  tank,  going  through  the  same  operation  as 
above,  and  so  on. 

Dnnng  the  24  hoars'  experience  in  the  soaking  room  the  greatest  care 
mmt  be  taken  that  no  wat«r  comes  in  contact  with  the  cotton,  as  it 
would  cause  the  ignition  and  entire  combustion  of  the  cotton.  If  such 
an  accident  occurs,  strong  fumes  of  nitrons  acid  are  evolved,  and  the  jars 
niDDt  be  removed  to  the  open  air  at  once. 

The  next  operation  is  to  get  rid  of  the  &ee  acid  in  the  cotton,  which 
is  done  by  a  centrifagal  drying-machine,  30  inches  in  diameter,  making 
1,500  revolutions  per  minute.  The  machine  receives  the  contents  of  six 
jars,  uniformly  distributed,  before  setting  it  in  motion.  When  the  acid 
ceases  to  drop  fiom  the  cotton,  it  is  taken  ont  and  the  remaining  acid  re- 
moved by  washings  in  fresh  water.  Large  tubs,  provided  with  wooden 
wheels,  are  used,  small  portions  of  the  cotton  being  plunged  and  sub- 
merged at  once  to  prevent  its  ignition.    It  is  then  dried  in  a  centriftigal 
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machine,  a^iii  wasted  and  dried,  and  then  rednced  to  pulp  in  an  or- 
dinary pulping  machine. 

The  pulp  is  then  run  into  a  {wachiDg  machine,  vhere  it  is  repeatedly 
-washed  in  fresh  wat«r,  and  finally  in  vater  slightly  alkaline.  This  oper- 
ation la  continued  until  the  cotton  vill  sustain  s  severe  heat  test,  and 
requires  from  48  to  100  hours ;  and  before  being  taken  from  the  poaching 
machihe  is  washed  in  slightly  alkaline  water  of  carbonate  of  lime  and 
soda. 

The  gun-cotton,  now  complete  as  far  as  its  explosive  quality  and  re- 
sistance to  change  are  concerned,  should  retain  3  per  cent  of  the  ^kalies. 
The  greatest  care  must  be  taken  that  none  of  the  details  of  numafactnre 
are  slighted. 

To  control  the  exploeive  power  of  gun-cotton,  the  pnlp  is  compressed 
into  homogeneous  masses  of  reQuired  form  and  density.  For  mining 
and  torpedoes,  it  is  pressed  into  disks  3  inches  in  diameter  and  1.75  inches 
thick,  of  a  density  a  little  greater  than  water  at  60°  Fahr.  {between  1 
and  1.003).  Each  disk  has  two  holes,  0.2,  inch,  bored  through  it,  and 
weighs  aboat  9  ounces. 

A  pressure  of  13  tons  is  required,  provision  being  made  in  the  press 
for  the  escape  of  water.  The  disks  are  packed  in  water-tij^t  boxes. 
After  filling  the  boxes,  water  is  poured  in  and  allowed  to  remain  some 
minutes,  afrer  which  the  water  is  poured  out  and  the  boxes  secnrely 
covered.    It  may  then  be  kept,  without  fear  of  accident,  Indefinitdy. 

Wet  gun-cotton  may  be  exploded  by  use  of  a  small  portion  of  dry  cot- 
ton and  a  detonating  fhse. 

The  fectory  at  Waltham  Abbey  has  a  capacity  of  4,000  poonds  per 
day ;  and  the  cost  per  pound  is  ^^  cents. 
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APPENDIX  I'. 
PBOGRESa  REPORT  ON  POWDERS  FOR  4.5-INCH  RIFLE. 

With  the  view  of  determiniiig  the  proper  charge  and  kind  of  powiler 
for  use  in  the  4J-lnch  rifle,  the  Board  has  ttom  time  to  time  tested  samples 
of  powders  furnished  b?  the  Mesara.  Da  Pont.  It  has  been  the  desire 
of  the  Board  to  get  a  powder  which,  oalng  about  7-poand  ch^ges,  with 
Khot  weighing  35  pounds,  shall  give  a  muzzle  velocity  of  about  1,600  feet 
per  aecoad,  with  a  corresponding  pressure  of  not  esceediag  35,000  to 
10,000  poonds  per  square  inch  of  bore. 

An  examination  of  the  accompanying  summnry  of  results  obtained 
shows  that  the  H.  D,  Jfo.  1  and  No.  2  gave  entirely  too  low  velocitiea ; 
the  H.  D.  No.  3,  good  velocities  and  pressures,  hot  not  as  good  as  H.  D. 
So.  4,  which,  with  7  pounds  of  powder  and  25-pound  shot,  gave  an  aver- 
age velocity  of  1,578  feet  per  secood,  with  a  corresponding  pressure  of 
!7,T50  potmda  per  square  inch  of  bore  j  the  same  charge  of  powder  and 
35-poand  shot  gave  1,411  feet  velocity  and  3l,2jO  pounds  pressure.  The 
H.  D.  No.  5  gave  good  velocities,  but  the  pressures  were  entirely  too 
tu^h;  the  same  may  be  said  of  the  H.  M.,  H.  N.,  and  H.  O.  samples. 

The  H.  Y.  and  H.  V.  powders  gave  excellent  reanlts  with  charges 
btlow  6  pounds,  but  with  this  and  a  higher  charge  the  pressure  increased 
rapidly.  The  H.  V.  powder  was  specially  made  to  test  the  effect  of  re- 
ilocing  the  diameter  of  the  cartridge,  thereby  increasing  the  initial  boni' 
iug  space.  Two  rounds,  each  of  4.5  and  6  pound  charges,  were  flred  on 
tbe  30th  of  April,  1879,  tnat  the  resulting  pressures  and  velocities  might 
be  ascertained  and  compared  with  those  obtained  with  other  powders. 
The  results  with  this  powder,  using  the  ordinary  sized  cartridge  bag,  were 
r«y  aadsf^tory.  Those  using  rraaced  bags,  while  showing  tiiat,  with 
the  same  charge,  the  velocities  and  pressures  generally  diminished  as  the 
^dage  increased,  are  too  meager  for  any  satisfactory  deductions. 

It  is  tlionght  tJie  Messrs.  Dn  Pont  will  be  able  to  improve  even  upon 
the  best  resnlts  so  far  obtained;  tbe  Board  therefore  propose  to  continue 
these  experiments.  So  &r  tbe  II.  D.  No.  4  powder  has  given  the  best 
results. 
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APPENDIX  I». 
PROGRESS  REPORT  ON  POWDERS  FOE  8-INCH  RIFLE. 

The  powders  tested  in  the  8-inch  conrerted  broeoh-loading  ride  vere 
Da  Pontes  hexagonal  F.  P.  B.  powder,  duisity  1.785,  grauulfttien  61 ; 
Da  Pout's  hexagonal  O.H.j  the  same  deoBity  and  gnwautionaa  P.P.  B.. 
and  intended  to  be  a  dapbcate  of  it;  and  finally  Da  Pont's  hexagonu 
E.y.J.,  density  1.750,  and  grannlation  72.  The  Q.  H.  powder,  it  wilt  be 
seen  from  the  record,  did  not  give  as  good  reanlts  as  the  F.P.B.,  and 
this  inferiority  did  not  result  from  any  great  difference  in  the  age  of  the 
powders,  nor  &om  any  difference  in  the  seasons  of  the  year  when  flred. 
It  probaoly  arose  ttoia  some  anavoidable  difference  in  Uie  manofootnie 
or  some  variable  atmospheric  conditions. 

The  E.  y.  J.  gave  better  resnlts  than  eiflier  of  the  others,  as  for  as 
velocities  are  concerned,  for  the  same  ohorge,  bnt  the  ptessares  are  some- 
what higher,  thongh  hardly  enough  to  be  considered  dimgerons.  It  is 
probable,  however,  that  better  results  will  be  obtained  both  with  F.  P.  B, 
and  G.  H.  by  increasing  the  charge  of  powder,  but  as  this  gun  has  to  be 
tested  for  endorance,  it  was  deemed  advisable  to  keep  the  charge  to 
what  has  heretofore  been  considered  standard. 

The  same  powders  were  also  flred  from  some  of  the  S-inch  mnzzle- 
loading  converted  gons,  and  the  same  remarks  will  apply  as  to  the 
resolts  obtained.  The  other  powd^s  tried  were  Oriental  hexagonal ; 
Da  Pontes  hexagonal  H.P.,  H.Q.,  and  E.V.L.,  and  Laflin  &  Band's 
polyhedral,  bnt  none  of  them  gave  as  good  resalts,  except  the  £.  V.L., 
which  is  a  duplicate  of  E.  V.  J. 
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APPENDIX  V. 

PHOaRESS  REPORT  ON  3.5-INCH  "DEANE"  BHONZE  GUN. 

(One  plate.) 

This  gan,  fully  described  in  the  Report  of  the  Chief  of  Ordnance  for 
1S77,  p^e  653,  has  been  fired  in  all  to  date  50  times. 

Three  different  powders  have  been  so  far  nsed  in  the  test :  "  Mortar," 
pianolation  77,350;  "Mortar E-Z.,"  granulation  25,888;  and  "Mortar B. 
Z-A-"  granulation  31,232.  Three  different  weights  of  projectileB  have 
also  oeeo  fired :  shells  empty ;  shells  loaded  with  sand  equal  in  weight 
to  weight  of  bursting  charge;  and  solid  shot ;  weighing  respectively  15, 
lUi,  aod  16|  ponnds,  bnt  all  of  the  Butler  pattern. 

A  Bommary  of  tlie  results  and  the  star-gauge  record  are  appended. 

The  gnu  has  so  for  stood  the  test  for  endurance  aatis&ctorily ;  the 
greatest  enlargement  was  at  54"  from  the  muzzle,  and  on^  0",017. 

The  bore  remains  smooth  and  perfect,  no  sensible  «ro8ions  having  oc- 
cmred. 

SwMmiuy  of  reimttt  <tfjinmg»  at  SaHdg  Hook,  2t.  J.,  aith  Dean'M  3.5-liicA  hvnxe  rijh. 
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APPENDIX  I*. 

UOTCHKI8S  REVOl'VINO  CANNOX,  CALIBEB,  1.  &  INCHEfi. 

(Seventeeu  plates.) 

TRIALS  IN  1876  AND  1877. 

A  dacr^Hon  of  tke  Sotchhm  retoleittg  cannon. 

THE  GEHBBAL  STSTEM. 

The  Hotclikiss  revolving  cannon  cannot  be  classed  with  mitraiUeoses 
in  tbe  ordinary  sense  of  the  latter  tenn,  as  exjilosive  shells  are  fired  with 
ifae  former,  and  it  has  a  range  eqnal  to  that  of  field-artillery. 

Tbe  system  of  this  gon  may  he  explained  as  follows : 

Five  barrels,  grouped  around  a  common  axis,  are  revolved  in  front  of 
ifolid  breech-block,  which  has  in  one  part  an  opening  to  introduce  the 
ortridges^  and  anotlier  opening  throngh  which  to  extract  the  empty 
i^eila,  while  the  cartridges  are  nred  after  being  revolved  and  while  mo- 
Qonless  in  front  of  the  soUd  portion  of  the  bremh. 

Tbe  exterior  aspect  of  this  revolving  cannon  resembles  the  Gatliag 
mitnuBeuse,  it  being,  on  the  other  hand,  entirely  different  in  its  iut«rioE 
wiisjiiam. 

The  system  is  composed  of  two  distinct  parts,  viZj  the  barrels  with 
tkdt  disks  and  shaft^  and  the  frame  and  breech  contatning  the  mechan- 

The  five  barrels,  made  of  the  finest  oil-tempeied  cast-steel,  are  monnt«d 
around  a  common  axis,  between  two  disks,  on  a  central  shaft.  The 
tries  of  barrels  are  in  this  way  placed  in  a  rectangnlar  frame,  which  is 
attached  to  tbe  breech,  the  near  end  of  the  shafb  penetrating  the  same 
to  receive  the  rotary  motion  from  the  driving-gear. 

The  breech  itself  is  composed  of  a  solid  cast-iron  breech-block,  weigh- 
ing abont  386  pounds.  This  absorbs  the  greater  part  of  Uie  recoil  It 
hag  a  door  at  tiie  rear  end.  which  can  he  easily  opened,  so  that  the  me- 
ehaDJsm  is  fr«ely  accessible,  and  can,  if  necessary,  be  dismounted  and 
pat  back  into  its  place  in  a  few  minutes  \rithout  the  aid  of  any  special 

tOolB. 

A  peculiar  feature  of  this  gon  consists  in  the  barrels  remaining  ritll 
during  the  discharge,  so  that  there  is  no  movement  of  any  kind  to  im- 
pede the  aocnracy  of  the  fire.  This  stop  or  lost  motion  is  obtained  by 
the  shape  of  the  driving-worm,  which  is  so  constructed  that  the  inclined 
driving.thread  only  covers  half  its  circumference,  the  other  half  of  the 
Ihread  being  straight.  The  effect  of  this  la  that  the  barrels  only  revolve 
dnring  half  a  revolution  of  the  worm,  and  stand  still  during  the  other 
^  revolution.  The  combination  of  the  mechanism  is  so  furanged  that 
the  loading,  firing,  and  extracting  takes  place  daring  this  paose.  This 
leatore  is  of  great  importance  for  the  accuracy  of  fire  and  the  durability 
« the  system. 
I^he  worm-shaft  projects  through  the  breech  on  the  right  aide,  and  has 

1  crank  with  which  the  whole  system  is  moved;  on  the  left  side  of  the 
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worm-shaft  a  small  crank  is  attached,  by  which  the  loading  and  extrac- 
tion of  the  cartridge-shells  are  effected  in  the  following  manner : 

On  the  interior  face  of  the  left  side  of  the  breech  a  cog-wheel  is  mounted, 
with  two  horizontal  racks,  the  one  being  placed  above  the  other  nnder 
this  cog-wheel,  and  parallel  to  the  axis  of  the  barrels,  so  that  in  moving 
one  of  these  racks  the  other  is  moved  by  the  cog-wheel  in  the  opposite 
direction.  Part  of  the  lower  rack  forms  a  vertical  slot,  in  which  the 
small  crank  on  the  left  side  of  the  worm-shaft  works.  The  rotation  of 
tie  latter  consequently  gives  an  altematiug  and  opposite  movement  to 
the  two  racks,  so  that  while  the  one  is  going  forward  the  oUier  moves 
back,  and  reciprocally. 

The  nnder  rack  forms  the  extractor;  the  upper  one  moves  a  piston 
which  drives  the  cartridge  into  the  barrels,  the  cartridge  being  placed 
before  the  piston,  in  the  trough  in  which  it  movesj  and  during  tiie  time 
the  barrels  are  motionless  it  is  introduced  into  the  one  standing  before 
the  trough.  The  cartridge  is  not  "  driven  home"  entirely,  but  its  head 
is  in  ^iew  of  an  inclined  plane,  cut  into  the  metal  of  the  bi«ech,  on  whicli 
it  sUdes  when  it  is  moved  by  the  rotation  of  the  barrels.  This  completes 
the  introduction  of  the  cartridge  into  its  chamber.  The  piston  itself  is 
a  simple  cylinder  connected  with  the  rack  and  running  in  a  slot  in  the 
conducting-trough. 

When  the  racks  are  in  their  extreme  positions  they  remain  still  a  mo- 
ment. This  stop  is  obtAined  by  giving  the  slot  in  its  center  part  a  ch- 
cular  shape  concentrically  to  the  shaft  of  the  crank.  This  is  becessory, 
because  at  the  moment  of  the  barrels  arriving  at  the  end  of  their  course 
the  head  of  the  cartridge-case  becomes  engaged  in  the  hooks  of  the  ex- 
tractor, which  would  not  be  possible  if  it  were  in  motion  at  the  time. 

The  extractor  is  a  large  double  hook  at  the  end  of  the  bottom  rack ;  it 
is  very  solid,  and  its  proper  working  is  certain  under  all  circumstances. 

After  the  cartridge  is  extracted  from  the  barrel  it  strikes  against  an 
ejector,  which  pushes  it  out  of  the  extractor,  and  it  falls  to  the  ground 
through  an  opening  in  the  under  part  of  the  breech.  The  firing-pin  has 
an  elongation,  pointing  downward,  which,  by  the  operation  of  a  spring, 
is  pressed  against  a  cam  on  the  worm,  taia  as  the  worm  rotates  the  cam 
drives  the  flring-pin  back  and  compresses  the  spring.  The  moment  the 
firing-pin  becomes  liberated  it  strikes  the  primer  of  the  cartridge  and  the 
discharge  takes  place. 

To  obviate  the  difficulties  which  exist  in  other  systems,  when  the  car- 
tridges are  piled  one  npon  the  other,  the  opening  of  the  introduction- 
trough  is  close^l  by  a  little  door,  which  goes  down  by  the  weight  of  the 
cartridges,  the  first  of  which  drops  into  the  trough,  and  then  the  piston, 
in  moving  forward,  raises  the  door  and  allows  no  more  cartridges  to  enter 
until  the  proper  time. 

All  parts  of  the  mechanism  are  very  strong  and  durable,  and  hardly 
exceed  in  number  those  of  an  ordinary  small-arm,  there  being,  besides  the 
group  of  barrels,  thirteen  parts^  viz : 

1,  2.  The  breech-block,  with  its  door  for  closmg  the  rear  end. 

3,  4,  5.  The  crank-shaft,  with  its  worm  for  moving  the  barrels,  aod 
small  crank  for  working  the  loader  and  extractor. 

6.  The  crank. 

7,  8.  The  flring-pin  and  spiral  spring. 
9.  The  extractor. 

10, 11.  The  loading-piston  and  rack  for  moving  it. 
13.  The  cog-wheel  for  transmitting  the  movement  of  the  extractor  to 
the  loading-piston. 
13.  The  door  for  regulating  the  feed  of  cartridges. 

.1,  Google 
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Th  (^oration  of  (A*  mechanism,  the  rapidity  of  fire,  and  the  number  of 
men  to  work  the  gun. 

The  opemtion  of  the  mecbanism  may  be  described  as  follows,  anppos- 
iog  the  crank  to  bo  in  continual  motion : 

A  cartridge  is  placed  in  the  introduction-trough,  the  piston  pushes  it 
into  the  bairel,  then  tire  barrels  begin  to  revolve,  and  the  cartridge  is 
mried  on  till  it  arrives  before  the  firing-pin,  which  penetrates  the  solid  ■ 
put  of  the  breech,  and  which  has  in  the  mean  time  been  retracted  by 
the  action  of  the  cam.  Then,  as  soon  as  the  cartridge  has  arrived  into 
this  position,  the  barrels  cease  to  revolve,  and  the  primer  of  the  cartridge 
is  strack  by  the  flring-pin  and  discharged;  then  the  revolntinn  of  the 
barrels  begins  again,  and  the  fired  cartridge  shell  is  carried  on  until  it 
conies  to  the  extractor;  this,  in  the  mean  time,  has  arrived  up  to  the 
barrels  and  the  cartridge-head  rolls  into  it.  As  soon  as  the  head  is  laid 
bold  of  by  the  extractor  the  barrels  again  cease  to  revolve,  and  during 
this  period  the  cartridge-shell  is  withdrawn  and  dropped  to  Che  ground. 
Ai  daring  every  stoppage  of  the  barrels  the  gun  is  supplied  with  a  new 
cartridge,  and  the  flriug  and.extraetiou  is  also  performed,  during  this 
time  a  continnons  but  slow  Are  is  kept  up.  By  supplying  the  gun  in 
this  manner  with  single  cartridges,  about  thirty  rounds  per  miunte  may 
be  fired. 

%onld  rapid  firing  be  required,  the  gnu  is  then  supplied,  not  with  sin- 
l^e  cartridges,  but  with  "  feed -cases,"  con^ning  groups  of  ten  cartridges 
nch,  and  in  this  manner  from  sixty  to  eighty  rounds  per  minute  can  be 
fired,  with  only  three  men  to  work  the  gun,  viz,  one  man  to  train  the 
Kan  and  revolve  the  crank ;  one  man  to  place  the  "  feed-cases  "  contain- 
ingthe  cartridges  into  the  '* feed-trongh " ;  and  a  thinl  man  at  the  am- 
mnoitjon-chest  to  eharge  the  "feed-oases,"  and  to  band  them  to  tha 
riiaryer. 

Attached  to  the  frame  is  a  turn-table  which  connects  the  cannon  to 
the  "trunnion -saddle,"  arranged  in  such  manner  that  without  displacing 
the  carriage  a  certain  amount  of  lateral  motion  as  well  as  of  elevation 
nay  be  given  to  the  gun.  Thus  t^e  gon  is  made  to  sweep  horizontally 
■long  a  line,  by  adjustment,  between  each  single  shot  or  during  rapid 
<Itwharge. 

THE  AMMUKITIOK. 

Hie  ammanition  for  the  revolving  cannon  consists  of  a  center-fire  Ae- 
taUio  cartridge  of  special  construction,  holding  in  each  one  the  powder, 
the  projectile,  and  the  lnbric«tiog-wad,  arrangeil  like  the  similar  amma- 
nition generally  used  for  small-arms. 

Two  dtffereot  kinds  of  projectales  are  used,  the  one  an  explosive  shell 
and  the  other  a  case-shot.  Nothing  need  be  said  of  the  latter,  as  it  does 
Dot  differ  from  the  common  vase  or  canister  shot  used  in  ordinary-  cannon. 

TB£  SHELL. 

The  shell  is  of  a  novel  construction;  it  is  of  cast  iron,  of  a  cylindro- 
o^val  shape,  slightly  rounded  at  the  rear  end.  The  packing  consists  of 
■  braas  coat  of  about  one  caliber  iu  length,  and  itloced  equidistantiy 
hm  the  center  of  gravity.  This  coat  is  of  soft  brass  tubing,  contracted 
*ith  great  pressure  over  the  body  of  the  projectile,  it  being  provided 
«ith  loDgttadinal  grooves,  and  two  grooves  encircliu^  it  at  the  top  and 
bottom  ends  of  the  packing.  The  coating  is  forced  into  these  grooves, 
and  anydiBtorbuice  of  it  on  the  body  at  starting  is  thus  obviated.  These 
inwres  serve  at  the  same  time  as  breaking-Iiues  of  the  shell. 

lOOBD 
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After  the  coating  is  attached  to  tiie  projectile  some  small  saw-tooth- 
like grooves  are  cut  into  jLto  redncethe  strain  while  being  forced  throngli 
the  rifling  of  the  barrel.  These  grooves  ctai  be  filled  with  a  labricatiug 
substance,  and  this  is  theu  carrieid  perfectly  between  Che  projectile  and 
the  bore  of  the  barrel. 

The  coating  of  the  projectile  is  conical  at  its  front  part,  correspondiog 
with  the  cone  in  the  projectile-chamber,  so  that  it  is  exactly  centered  ia 
the  bore  as  soon  as  the  forward  movement  commences.  Its  rear  end  is 
cylindrical  to  within  about  one-third  of  its  leugth. 

The  shell  is  turned  smooth  all  over,  and  is  nearly  0".016  in  diameter 
less  than  the  bore  of  the  barrel.  This  projectile  is  made  with  great  care 
and  exactness,  with  only  a  very  small  deviation  in  dimension. 


The  l^se  employed  is  that  known  as  the  Hotcbkiss  percnsaioD-fnse, 
nsed  in  large  quantities  daring  the  last  war  iu  America. 

It  consists  of  a  gun-metal  body  closed  at  the  firont  end  with  a  nose- 
screw,  ftHming  the  ogival  point  of  the  projectile;  it  has  a  conical  hole 
at  the  rear,  which  is  closed  with  a  lead  plug  (the  safety-plug),  pressed 
in  very  tightly,  so  that  the  plag  projects  a  little  through  the  base  of  the 
body-case  toward  the  inside. 

The  pluuger  is  composed  of  lead,  cast  into  a  brass  casing  to  strengthea 
it  and  to  prevent  the  lead  from  being  upset  by  the  shock  of  discharge. 
A  brass  wire  is  cast  into  the  lead  of  the  plunger  and  holds  it  suspended 
in  the  case,  the  wire  going  through  the  hole  in  the  bottom  of  the  case 
and  being  held  securely  in  position  by  the  safety-plng.  The  plunger 
has  a  nipple  cast  into  the  lead,  and  is  formed  with  an  onlinary  gnn-eap; 
in  its  axis  it  has  a  powder-chamber  containing  the  igniting-charge. 

The  operation  of  the  fuse  is  thus :  The  safety-plug  is  dislodged  back- 
Vfurd  into  the  interior  of  the  projectile  by  the  sho^  of  discharge;  the 
wire  then  being  not  held  tight  in  the  hole,  the  pluuger  is  disengaged 
aud  rests  on  the  bottom  of  the  fuse-case,  and  is  f^  to  move  iu  the  line 
of  axis.  When  the  flight  of  the  projectile  is  suddenly  retarded  by  its 
striking  any  object,  the  plunger,  in  consequence  of  its  inertia,  ia  driven 
forward,  and  the  primer  strikes  against  the  nose-screw,  thus  igniting 
tlie  powder  in  the  channel,  and  so  firing  the  bursting-charge  of  the  pro- 
jectile. 

The  Hotchkisa  percnssiou-fuse  is  extremely  simple  in  its  constmctioD, 
and  requires  no  adjustment  before  use.  It  is  perfectly  safe  in  transport, 
and  during  all  manipulations  with  the  projectile,  as  the  plunger  is  held 
securely  by  the  safety-plug,  which  must  receive  the  great  shock  of  the 
discharge  to  discharge  it  from  its  hole  and  thus  liberate  the  plunger. 

THE  CABTBn>aB-CASE. 

The  cartridge-case  consists  of  a  spirally-rolled  tube  of  sheet-brasHj 
strengthened  at  the  head  with  an  inside  aud  an  outside  cup.  The  head 
is  punched  out  of  sheet-iron,  and  is  fastened  to  the  cups  with  three  rivets. 

The  primer  consists  of  a  case  holding  the  anvil,  and  is  closed  at  the 
bottom  end  by  the  cap  containing  fulminate.  It  ia  fitted  into  a  bole 
which  penetrates  the  head  and  both  caps,  and  it  projects  through  into 
the  inside  of  the  cartridge-case. 

This  cartridge,  which  can  be  manafa«tnred  with  great  (^ility  on  ac- 
count of  its  simplicity,  has  proved  itself  to  be  of  a  very  durable  quality, 
and  it  can  be  used  repeatedly. 
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The  oonstmction  of  the  body  of  the  cartridge  allows  it  to  expand  to 
the  cliamher  of  the  gun  withoat  the  metal  being  stretched,  so  that  after 
the  discharge  it  contracts  itself  again  to  its  previons  diameter,  thus  lear- 
iDg  the  fired  case' perfectly  loose  in  the  chamber  for  extractiou. 

THE  LUBBICATOB. 

The  lubricator  consists  of  a  wad  of  felt  about  0".236  thick,  dipped  in 
1  solution  of  mixed  tallow  and  beeswax.  A  paper  disk  is  placed  between 
the  lubricating- wad  and  the  charge  to  prevent  the  powder  getting  dam- 
aged by  the  greasy  surface  of  the  lubricator. 

The  projectile  is  merely  pressed  into  the  neck  of  the  cartridge  and  is 
sol  clinched,  as  there  is  enongh  Mction  to  hold  it  absolutely  secure. 

Of  coarse  the  ammunition  is,  as  in  the  case  of  all  modem  small-arm 
uninnnition,  which  it  resembles,  rendered  safe  against  inflnences  of 
veather  and  danger  of  explosion. 

Principal  dimtniiont  a»d  irtightK,  ^.,of  tkt  gun, 

CaSbw 1.457    inchn. 

Toul  length  of  bon 4rMt3.2n6    inches. 

Lrij^h  of  rifling 3fe«ta8t»   incheii. 

Biline,  one  tnni  in ...................... . 4  fr«t  1.313    inches. 

ITvist  and  depth  of  grooves  onifonn. ) 

Vtaber  of  groovea 12 

ridihofUnda 0.098    inrh. 

Dtplb  of  KTDOTM 0.019    inth. 

XDmber  of  harreU .... ...... h 

DiuDcter  of  barrel  over  powder-chamber. . . 3. 464    inches. 

Diunrter  of  barrel  at  the  mnzzle 2.440    inches. 

Wright  of  each  bairel 77. 166   pounds. 

fiidiiu  of  sights 2' 3".  047 

Tmical  distMioe  of  the  line  of  ught  from  the  common  axis  of  the 
burcls 8. 0366  inches. 

HoTimntal  distance  of  the  line  of  sight  ftom  the  common  axis  of 
th«  barrels 6,496    inches. 

Wfirht  of  Knn 1,047.35      ponnds. 

Total  ireight  of  gnu  with  traversing  apparatas.. 1,157.48     poaBds. 

Principal  disMMfiMW  and  weigkl*  of  tht  ammtinitlo*. 


Lra^h  ofbodj 4.10  inches. 

Enhn  lensth  with  fose 4.71  incliea. 

Lmgtfa  of  bnwB  coating,  eqni  distant  from  csnt«r  of  gravity I.S  inches. 

DikmetcT  of  body 1.44  inches. 

DUtneW  of  brass  coating ... ....     ....  1. 49  inches. 

Wright  of  body  of  the  projectile 1  pound  1.4  ounces. 

Weight  of  fose 3.3  ounces. 

Weiiht  of  bnrBting-charae  ' 0.74  oance. 

ToUweight  of  pr<^ecti^  camplet«  for  firing 1  ponnd  &..'ie  ounces. 

Wag\U  ani  HmtMiioiu  takwfrom  aheUftrti  bg  the  board. 

CASK-SHOT. 

Ungth  of  case 4,565  inches. 

EilSrior  diameter  of  case 1.440  Incbw. 

Nusber  of  balls 18 

DisDMlet  of  each  ball 0-^  inch. 

ivengs  weight  of  each  ball .'v 1.03  ounces, 

Tou]  Wright  of  shot 1  pound  9. 4  ounces. 

*It  would  be  advisable  to  nse  eilhec  gun-cott<)D  or  picrote  powder  for  the  hnrating- 
tiuft,  as  these  would  throw  the  fragments  forward  with  more  force  than  oidiuaiy 
(tuipowder  and  thai  produce  n  greater  destructive  effect. 
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CABTRIDOE-C&SB. 

Length  of  cartridge-case 4.734  iovhes. 

Diiuuet«rof  head 1.791  iDcbeB. 

DiaiDi'ter  of  the  body  near  the  head 1.  Ml  iiicfaes. 

Diftmeter  uf  body  ill  front 1.476  incbe*. 

Wuight  of  cartridge-case 3.88  oaucet. 


Charge 4.23  oiincex. 

Proportion  of  charge  to  weight  of  imijcctile 4.33 

Weight  of  complete  cMtridge 1  pound  10.46  ounces. 

Length  of  uomplet«  csrtrid^ 8.149  iuchea. 

TSE  CABRIAGE. 

For  the  revolviug  cannoii  a  special  catriaee  has  been  coustnicted. 
This  -vaa  found  necessary,  as  the  ordinary  fidld-gDn  carriage  is  not  pro- 
vided with  the  meauH  for  procuring  an  excellent  and  immovable  rest  for 
this  gan. 

The  trail  of  the  carriage  consists  of  two  brackets  of  steel  plate,  con- 
nected by  three  traiisoms  and  bolts,  the  rear  end  l)eing  counected  by 
the  trail  eyepiece.    The  brackets  diverge  against  the  trunnions. 

The  trunnion  bearings  aud  the  bearings  for  the  axle-tree  are  riveted 
to  the  ontside  of  the  brackets,  and  are  fitted  in  the  ordinary  manner. 

The  axle-Cree  is  of  steel,  the  arms  t>eing  slightly  conical.  The  wheels 
have  metallic  naves  and  ring-tires.  The  nave  consists  of  two  part« — 
the  inside  flange^  with  the  pipe-box,  and  the  outside  flange.  The  spokes 
are  cnt  in  a  conical  form  at  their  "hnb"  ends  so  that  they  fill  the  uave- 
flaages,  and  the  two  parts  of  the  nave  are  bolted  together  with  tie 
spokes  vith  six  screws. 

These  wheels  are  very  strong,  and  have  been  foand  practical  and  eco- 
nomical in  senice,  and  they  allow  spokes  to  be  easily  substituted  for 
others  when  broken. 

The  elevating  arrangement  consists  of  a  screw  working  in  a  gun-metal 
nut  resting  in  the  oscillating  bearing.  This  nat  is  revolved  by  conical 
gear-wheels  from  the  left  side  of  the  trail,  the  top  end  of  the  screw  being 
attached  t«  the  trunnion  saddle-plate. 

The  handspike  is  hinged  to  the  trail  so  as  to  fold  back  in  traveling. 
A  tool-box  is  placed  between  the  trail;  this  at  the  same  time  makes  a 
solid  connection  of  the  trail-brackets. 

The  carriage  of  the  revolving  cannon  is  usually  provided  with  a  light 
steel  shield  for  the  protection  of  the  gunners  irom  small  arms  fire. 

This  shield  is  of  three  parts,  made  to  fold  togetlier,  thus  forming  seats 
for  two  men.  It  can  immediately,  when  coming  into  action,  be  unfolded, 
and  only  the  muzzles  of  the  barrels  and  the  wheels  of  the  carriage  are 
exposed  to  the  enemy.    The  steel  plates  are  about  0.236  inch  in  thickness. 

Two  boxes  are  attached  to  the  axle-tree,  each  to  carry  three  feed-cases 
loaded  with  ten  rounds  of  ammunition. 

On  the  carriages  not  provided  with  a  shield  these  ammunitiou-boxes 
are  protected  by  light  steel  plates  in  front,  and  have  a  lid  of  steel,  which, 
when  raised,  forms  a  small  protecting  shield,  and  when  closed  they  form 
seats  for  two  gunners,  so  that  with  two  or  three  gunners  on  the  limber 
a  sufficient  number  of  men  to  ser\-e  the  piece  would  be  taken  into  action 
with  the  gun  itself. 

To  check  the  recoil  of  the  gnn,  a  brake  of  the  following  construction 
is  used: 

Each  axle-arm  has  a  screw  cut  on  its  extremity ;  this  carries  a  nnt 
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tanuiDg  a  conicat  cap,  partly  enveloping  the  &OQt  side  of  the  ivheel- 
mve,  which  ia  likewise  conical  to  fit  the  inside  of  tlie  cap  ;  this  has  a 
short  crank,  by  which  it  can  be  revolved  on  the  axle.  When  screwed 
np  this  cap  ^ps  the  cone  of  the  nave  of  the  wheel,  and  the  tighter  the 
tap  is  screwed  up,  so  the  wheel  turns  with  the  more  difficulty  on  its  axis, 
inh1  it  gets  immovably  locked  on  the  axle  by  the  friction  of  the  cones. 
tVlien  the  cap  is  unscrewed  it  is  disengaged  from  the  wheel,  which  can 
tbai  torn  freely  on  the  axle.  The  screws  on  the  ends  of  the  axle-anns 
have  right  and  left  handed  threads,  so  that  the  caps  become  tightened, 
by  the  effect  of  the  recoil. 
Thia  brake  is  used  at  the  same  time  as  an  ordinary  traveling-brake, 
and  it  can  be  applied  without  the  carriage  being  stopped,  as  is  necessary 
«itb  the  shoe-brake  commonly  used  on  gun-carriages. 

Principal  dimentioni  and  iceis^ti  of  the  carriage. 

Wri)rhi  of  carriage,  with  wheels,  ammunition-boxes,  and  accessories, 

coaplete IplOpouudH. 

^(ight  of  gteol  shield .,,.......,,... 331  pouildH. 

Heigbl  of  wheels,  each 1S7  ponndB. 

DiiaelCT  of  wheels .. .. .,., ., fi5  inches. 

W'tighl  of  trail  on  the  gronnd 99poiuid8. 

^tlght  of  trail  when  hooked  on  limber-hook............ 44  pounds. 

track  nf  wheels .,.., 59  incheH. 

iijli!  of  trail  with  the  ground 17"  30' 

B«{;hl  of  trunnions  above  the  ground 42  inches. 

EilinDe  angles  of  elevation  and  depression . — !)°+2&° 

l>»a;n[  angle  of  dispersion  with  horizontal  training  apparatus .  3*^ 

THE   LIMBEB   AND   THE    AMMTTNITION- CHEST. 

TV  limber  resembles,  in  general  construction,  the  French  govem- 
Dtent  service-limber ;  it  consists  of  a  frame-work  of  wood,  placed  upon 
Kbeels  of  equal  size  and  construction  as  those  of  the  gun-carriage. 

The  axle-tree  is  of  steel ;  it  has  no  axle-tree  bed,  but  ia  attached  di- 
i«t)y  to  the  "  ftitchella." 

The  trail  of  the  gan-carriage  hooks  up  to  a  hook-pintle  attached  to 
ihe  axle-tree.  The  limber  has  a'swing  aplintcr-bar  to  which  the  tracea 
of  the  horses  are  attached,  and  the  shaft  ia  arranged  for  double-draught. 

The  limber  carries  an  ammunition-chest  made  of  wood,  couveyiog 
foar  hundred  ronnda  of  ammunition,  and  it  ia  Utted  with  four  boxes, 
<Mh  containing  one  hundred  rounds.  The  cartridges  are  held  immov- 
ably in  the  boxes  when  the  lids  are  closed,  to  prevent  their  beuig  injured 
hi  traveling  over  rough  roads.  The  ammnnition-cbest  ia  covered  with 
painted  sail-cloth  and  is  rendered  water-tight ;  tiie  corners  are  protected 
tiy  angle-irons,  and  it  is  attached  to  the  limber  by  two  hooks  and  screws. 

The  weight  of  the  limber,  with  ammunition-chest  complete,  is  661 
pounds. 

SamrHari/  of  principal  w^ghti. 

Ponuda. 

<^iin,  with  Utenl-tralDbig  apparatus. 1,313 

Conuge,  with  all  accessorivs 928 

UmbfT,  withainmanition-chest... 661 

Foarfanndred  and  sixty  ronnds  of  ammunition 761 


Total.. 


This  weight  distributed  over  six  borsea  gives  680  pounds  per  horse,  a 
T«y  low  rate,  the  usual  weight  for  the  draught  of  a  horse  in  light-artil- 
lery being  about  771  pounds ;  so  that  this  gun  possesses  that  which  in 
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Diodei-n  warfare  is  so  necessary — tbe  qoali^  of  easy  transiMirtability  to 
a  Batisfactory  extent.* 

Since  the  pu1)licatiou  of  the  above,  Mr.  Hotchkiss  lias  oiade  a  slight 
improvement  in  his  shell,  which  has  been  satisfactorily  tried  by  the 
Board. 

The  improved  Hotchkiss  shell  is  with  its  fuse  a  little  less  than  three 
calibers  in  length,  or  about  seven-sixteenths  inch  shorter  than  the  one 
jnst  described,  from  which  it  differs,  with  the  above  exception,  in  the 
following  particulars  only :  The  new  shell  has  four  circumferential 
grooves  separated  by  ribs  about  one-twentieth  inch  wide^  and  longitu- 
dinal cuts  between  ribs.  The  tubing,  about  one  caliber  in  length  and  . 
one-sixteenth  of  an  inch  thick,  instead  of  being  corrugated  on  the  ex- 
terior, as  in  the  old  shell,  is  perfectly  smooth,  and  is  contracted  into 
place  by  a  slight  pressure  only.  The  gas  from  the  discharge  presses  the 
packing  so  firmly  into  the  grooves  and  cuts  that  it  cannot  rotate  inde 
pendently  of  the  projectile,  and  the  rifling  is  impressed  on  the  ribs  only 
covered  by  the  tubing. 

Its  dimensions  and  weights  are  as  follows : 

Lengtli  of  body n.66  hidic«. 

Kntire  IcnfCth  with  fiiBe ^.'/riDchrs. 

Lentil  of  l)r&Mi  coatiug . 1.6   faclieii. 

DUuL'terof  l>od; 1.44  inches. 

Di&iupter  of  bTans  coating 1.49iuches. 

Weigh  I  of  body  of  the  i>r<tjectUe 1  jMnnd  1.4  ounces. 

Weight  of  fiine 3.3   ouiicen. 

Weight  of  buret  Ing-rlinrge ll.tW  ounit;. 

Tutul  weight  of  pnijcclilc  tomiilotc  for  tfring 1  IHiiiud  .^.GS  ounct'it 

BESULTS  OF  PIBINO  AT   SANDT   nOOK,  NEW  YOKK  HARBOR. 

On  the  11th  of  September,  1876,  the  preliminary  trial  of  the  gun  took 
place,  Mr.  Hotcbkiss  being  present. 

Forty  rounds  were  Bred  with  new  mortar- powder,  testing  the  working 
of  the  gun.  On  the  12th  and  22d,  same  month,  the  gun  was  fired  for 
initial  velocities,  the  average  of  three  rounds  new  mortar-powder  giving 
1,294  feet ;  of  12  rounds,  musket,  1,572  feet ;  and  of  18  rounds,  old  mor- 
tar, 1,458  feet.  September  21  and  22,  72  rounds  were  fired  at  a  target 
1,000  yards  distant,  and  51  rounds  at  a  2,000-yard  target-,  not  including 
sighting- shots.  (Si^targets  marked AandB, plates VandVI,Bppended.) 
September  iJU,  4  rounds  of  shell  and  26  of  canister  were  fired  at  a  200- 
yard  target.  The  working  of  the  canister  not  being  very  effective,  no 
further  trials  were  made  with  it  at  even  these  short  ranges,  the  shell, 
everything  considered,  being  deemed  more  satisfactory  than  canister. 
On  the  3d  of  October  the  gun  was  again  fired  72  rounds,  testing  its 
working.     Up  to  this  time  309  rounds  in  all  had  been  fired. 

A  supply  of  3,000  rounds  of  ammunition  having  been  procured,  the 
Board  resumed  its  experiments  November  23, 1876,  and  concluded  them 
February  15, 1877. 

November  23, 1870, 115  rounds  were  fired  at  target  2,000  yards  dis- 
tant, and  the  time  taken  of  firing  20  and  51  shots ;  and  on  the  24th  of 
November,  15  rounds  were  fired  at  targets  2,G40  yards  distant  but 
owing  to  high  winds  the  firing  was  suspended  aud  targets  not  tabulated. 

On  the  2d  of  December,  143  rounds  were  fired  at  1,000-yard  targets, 
not  including  7  sighting-shots.    (See  targets  marked  C,  plate  VII,  ap- 

nofgiin,  ahellB,  &c., 
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peaded.)  One  bnndred  and  aeTenty  rounds  were  fired  at  2,000-yard 
tar^to,  not  including  4  BJghtiug-shots.  (See  targets  marked  D,  plat« 
VIII,  appended.) 

On  January  25, 18J7, 102  rounds  were  fired  at  10  targets,  tbe  first 
being  300  yards  distant ;  and  on  same  date  100  rounds  -vere  fired  at  2 
targets,  the  first  the  same  distance  ft^ioi  gun.  (9ee  targets  marked  H 
and  F,  plates  IX  and  X,  appended.) 

On  February  14,  1877,  4i  rounds  were  fired  at  targets  200  yards  dis- 
unt,  and  on  the  15th  100  rounds  were  fired  at  targets  1,000  yards  dis- 
tant, not  including  12  sightiug-shots.  (See  targets  marked  G  and  H, 
jilates  XI  and  XU  appended.) 

This  makes  a  record  of  1,136  rounds  in  all  fired,  and  throngboat  the 
Ariog  the  gun  worked  well.  Ttiero  were  foiir  failures  in  the  ammuul- 
Ibn  during  the  early  part  of  the  firing,  owing  to  the  weakness  of  the 
Gring-piu  spring,  but  after  tbis  spring  was  changed  no  failures  occurred. 

The  fusett,  with  one  exception,  worked  perfectly ;  on  examining  this 
fuse  after  firing,  it  was  discovered  that  the  fuse-firing  pin  on  nose-screw 
VHs  broken,  which  wonld  readily  account  for  the  failure  to  explode. 

The  cartridge-cases,  of  wrapped  metal,  worked  well,  extracted  easily, 
mA  no  gas  escaped.  The  loader  and  extractor  worked  easily  and  well, 
an  did  the  mechanism  generally.  There  was  no  wabbling,  tumbling,  or 
^pping  of  projectile,  the  brass  coat  or  paeking  taking  tbe  grooves  well 
in  ail  cases.  In  fact,  with  tlie  exception  of  the  four  miss-fires  and  one 
tiilnre  to  explode,  already'  explained,  everything  worked  very  satisfac- 
twy  dnring  the  entire  firing. 

The  special  carriage  for  Uiis  cannon  seems  strong,  compact,  and  serv- 
i«able,  and  possesses  some  novel  features.  The  recoil-brake,  which  takes 
the  place  also  of  the  ordinary  shoe-brake,  is  secured  to  tne  axle-arm, 
and  works  by  means  of  a  short  lever.  This  brake,  and  also  the  shield, 
vbieh,  when  not  in  use,  folds  and  forms  seats  for  the  cannoniers,  have 
heen  ftilly  described  heretofore.  There  is  also  at  the  end  and  under  side 
of  trail  a  pointed,  wedge-shaped  piece  of  iron,  which,  being  forced  into 
the  wooden  platform  or  ground,  prevents  the  trail  from  moving  during 
firing. 

ACCXTKACY  AND   EFFECT. 

The  targets  were  made  of  one-half  inch  and  one-inch  boards,  and  were 
coofitmct^  in  sections,  which  enabled  them  to  be  rapidly  erected  and 
placed  in  their  required  position. 

It  will  be  seen  (Record  of  Firing,  appended)  that  they  were  grouped 
fur  the  different  ranges  of  200, 1,000,  and  2,000  yards,  and  that  the 
sizes  were  such  as  to  cover,  generally,  all  cases  of  different  army  forma- 
tions. All  the  osefhl  effects  of  fire  were  thus  recorded  on  them  and  its 
full  value  made  apparent. 

Bttultt  at  200  yarda.    Target*  E,  F,  0,  appended— Plates  IX,  X,  and  XI. 

Three  different  series  of  targets  were  placed  at  200  yards.  At  the  first 
(10  targets,  52  feet  by  6  feet,  50  feet  apart)  102  shells  were  fired,  giving 
V-Vt  bits.  At  the  second  (2  targets,  52  feet  by  11  feet,  75  feet  apart) 
100  shelUrwere  fired,  giving  1,045  hits.  At  the  third  (2  targets,  26  feet 
by  6  feet,  75  feet  apart)  44  shells  were  fired,  giving  309  hits. 

The  destmctive  effects  on  the  first  series  are  apparent,  giving  about 
1,G00  bits  per  minute,  and  using  only  about  125  pounds  of  metal. 

The  other  series  also  illustrate  the  destmctive  power  of  this  weapon 
at  short  ranges,  such  as  would  be  used  in  the  service  of  our  armament 
for  the  flank-defenses  of  our  sea-coast  fortifications. 
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Semlta  at  1,000  yards.     Targets  A  and  C,  appended^Platea  Yand  YIL 

Two  targetB  (II  feet  hj  26  feet)  were  made  at  tbia  distance,  firing  io 
tbe  first  case  72  rounds  and  in  the  second  143.  The  total  number  of  hits 
was  1,597  for  ^15  projectiles  in  all  fired.  As  the  time  of  firing  is  about 
80  rounds  per  minute,  an  analysis  shows  that  ai  continuous  and  daugei- 
ouB  fire  (about  590  hits  per  minute)  can  be  secured  at  this  range.  A 
third  series  (target  H,  appended,  plate  XII),  firing  at  10  targets  (52  feet 
by  6  feetj  50  feet  apart,  and  representing  a  regiment  in  column)  was 
made,  usmg  100  shells ;  1,026  hits  were  noted.  This  gives  a  continuous 
and  diingerons  fire  of  1,300  hits  per  miuute,  and  using  only  125  ponuds 
of  metal — results  not  yet  attained  in  any  other  machjue-gon,  nor  witb 
OUT  present  field-artillery.  The  range  of  1,000  yards,  however,  is  one 
too  loug  for  accurate  eflects,  generally,  from  the  lighter  caliber  of  other 
machine  systems  (fired  eA'en  with  great  deliberation). 

RetttlU  at  2,000  yard*.     Targets  B  and  D—Tlatea  VI  and  VIII. 

The  targets  made  at  this  distance  were  accomplished  by  firing  221 
roonds,  and  the  total  number  of  hits  was  1,019 ;  a  continuous  and  dan- 
gerous fire,  at  this  range,  of  370  hits  per  minnte. 

Any  comparison  at  this  distance  ceases  with  other  machine-guns; 
and  we  have  to  consider  the  system  at  this  range  ua  a  eompetit^r  of 
field-cannon. 

No  direct  comparisons  have  been  as  yet  made  by  the  board  between 
the  Hotcbkiss  revolving  cannon  and  the  ordinary  field-pieces,  but  it  is 
thought  well  to  allude  in  this  connection  to  the  more  recent  practice 
with  the  most  approved  field-artillery.  The  recent  experiments  in  A  us- 
tria  are  probably  the  best  so  iar  made,  and  will  afford  us  a  fair  compar- 
ison. This  comparison  will  be  incomplete,  but  this  incompleteness  will 
fovor  the  field-artillery  rather  than  the  Hotchkiss  system. 

The  records  alluded  to  show  that  40  shells, "  with  double  walls,"  weigh- 
ing in  the  aggrcgato,  say,  500  pounds,  gave  1,497  hits  on  targets  placed 
at  1,058  yards.  The  time  required  for  accurate  firing  could  not  have 
been  less  than  ten  minutes.  This  amount  of  metal  if  delivered  ftom 
the  Hotchkiss  revolving  cannon,  would,  if  a  ratio  following  from  the  re- 
salts  ^ready  quoted  is  accepted,  give  2,000  hits,  and  at  a  distance  of 
3,000  yards,  and  in  a  time  of  seven  minutes. 

Comparison  cannot  be  made  at  the  maximum  ranges  (4,000  yMxIs)  re- 
ported by  the  Austrian  artillery,  as  no  records  are  yet  made  at  tiiis  dis- 
tance witb  the  revolving  cannon. 

RESULTS  IN  FKANCE  AND  BBAZIL. 

An  inspection  of  the  results  of  firing  at  Gavre  will  show  that,  at  a 
range  of  nearly  2,000  yards,  as  favorable  results  as  those  given  at  Sandy 
Hook  were  attained ;  the  rapidity  of  fire  being  the  same,  and  the  num- 
ber of  hits  (354)  in  a  record  of  80  shots  showing  nearly  the  same  percent- 
age as  our  results  at  the  above-mentioned  range.  The  range  and  accu- 
racy attained  also  show  a  capacity  for  eftective  flre  np  to  about  5,500 
yards. 

The  trials  also  at  Ga\'Te  with  the  revolving  cannon,  French  marine 
model,  also  gave  strong  confirmatory  evidences  of  its  superiority  in  range 
and  accuracy,  besides  its  effectiveness  in  other  respects. 

The  resolts  in  Brazil  are  also  highly  favorable  to  the  gan  and  the  offi- 
cii opinions  of  its  merits  decided. 
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DISCUSSION  OF  THE  SYSTEM. 

The  introdaetion  of  this  guD  has  marked  a  new  departure  in  that 
cla68  of  arma  viach  next  aucceedB  in  power  tlie  personal  weapons  of 
thestddier;  and  it  gJTes  fair  promise  as  a  powerAil  auxiliary  to  oar 
modern  field  systems  and  to  onr  present  contemplated  armaments  tor 
the  defense  of  the  short  fiank-lines  of  our  penuaneut  works. 

It  is  evident  that,  in  the  latter  service,  a  long-range  gun  capable  of 
securing  an  intenae,  accurate,  continuous,  and  deadly  fire  at  the  short 
ranges  ordinarily  employed  for  this  service,  and  having  most  of  the  ad- 
vutsgea  of  the  howitzer-fire,  formerly  fully,  and  mow  partially,  relied 
apon  for  protecting  our  ditches  and  liank-Iines  under  all  ordinary  cir- 
camstanees  of  attack,  must  prove  a  highly  desirable  adjunct,  if  not  a 
superior  means  of  defense  to  the  present  systems  employed ;  limited  as 
they  are  in  power,  and  consequently  in  range,  and  without  superiority 
in  rapidity  and  continuity  of  fire  or  in  deadly  effects. 

Ita  ruige  is  at  least  5,500  yards,  which  renders  it  equally  as  powerful 
ai  a  shell-gnn  in  this  respect,  and  one  capable  of  guarding  the  ap- 
proaches to  works,  either  permanent  or  field,  at  sh^-gun  distauces, 
rhile  at  the  same  time  being  effective  at  ranges  of  1,000  to  1,500  yards, 
ihe  fflasimum  distances  ordinarily  required  to  be  covered  by  onr  flank- 
defense  armaments. 

Its  power  for  delivering  a  continuous  and  uninterrupted  effective  fire 
itranges  indifferently  from  the  shortest  range  reqnired  up  to  three  miles, 
vodd  seem  to  point  to  it  or  a'  similar  system — employing  the  same  gen- 
wtl  principles — as  being  a  neeesaity  for  introduction  in  the  future  arma- 
mmiot  our  foils,  and  for  service,  when  occasion  demands,  in  our  fleld- 

In  this  connection,  as  germane  to  the  question  of  flank-defense,  the 
Board  would  call  attention  to  the  importance  of  the  introduction  intO' 
oar  aervlce  of  a  shell-gun  of  more  accuracy,  length  of  range,  and  de- 
stnictiveneas  and  rapidity  of  fire  than  the  jiresent  ij-inch  howitzer.  This, 
it  ig  believed,  can  be  attained  by  a  breech-loading  rifle-howitzer  of  a 
oliber  of  6  inches,  throwing  canister  for  short  ranges  as  well  as  case- 
shot,  and  UBing  the  latter  with  percussion  or  concussion  fuses ;  and  for 
all  ranges  a  special  case-shot  weighing  65  pounds,  and  containing  bnl< 
lets,  14  to  the  pound :  also,  canister  of  a  weight  of,  say,  54  pounds, 
using  O.S-incb  lead  bullets,  and  a  shell  of  61  iiounds. 

The  efiects  with  these  projectiles  must  be  decidedly  superior  to  those 
Utaioable  with  our  present  8-inch-howitzer  ammunition,  and  in  ordw  to 
perfect  a  flank-defense  howitzer  it  is  recommended  that  experiments  in 
the  direction  indicated  aJso  be  undertaken  in  connection  with  others 
BOW  pending,  looking  to  a  projter  armament  of  our  fiauk-defenses. 

BEOABDING  FIELD- SERVICES. 

It  is  evident  that  this  system  gives  promise  of  proving  a  valuable 
sod  powerfiil  auxiliary  to  the  light  artillerj-  of  our  service. 

Its  equality  in  rajige,  its  greater  capacity  for  delivering  a  deadly,  in- 
Mssant,  and  widespread  fire  at  all  fidd-ranges,  and  with  decidedly  su- 
periiw  rapidity ;  its  stability  when  fired,  alxflishing  all  but  the  ordinary 
initial  pointings,  and  its  evident  superiority  in  pursuing  retreating  col- 
unitB,  give  it  some  decided  advantages,  apparently,  over  onr  ordinary 
fieH-guns. 

For  the  effects  of  artUlery-fire,  however,  where  penetration  is  desira- 
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ble,  and  wliere  destrnctive  effects  of  solid  shot  and  shell  in  rapidl,T  de- 
molishing large  objects,  &c.,  are  required,  ve  most,  of  course,  yield  the 
advantage  to  the  larger  calibered  field-pieces. 

Its  uses,  however,  as  a  powerful  auxiliary  to  the  service  onder  consid- 
eration cannot  be  donbted  from  the  above  considerations ;  and  the  Board 
believes  that  ita  great  efficiency  as  a  fleld-piece,  vhen  tested,  will  prob- 
ably be  established. 

BECOMMENDATIONS. 

The  resnlts  of  tbe  above-recorded  tests  of  the  Hotchkiss  revolving 
cannon  at  Sandy  Hook,  and  the  records  of  the  results  obtained  abroad, 
lead  the  Board  to  recommend  further,  more  extended  and  exhaustive 
trials  to  fully  determine  it«  merits,  with  a  view  to  ito  final  adoption  as 
an  auxiliary  arm,  not  only  for  dank  defense  but  for  other  branches  of  the 
service.  To  further  this  end  the  Board  recommends  the  procurement  of 
at  least  i  guns  (the  number  to  be  governed  by  tbe  state  of  the  appro- 
priation) of  the  model  and  caliber  tested;  and  with  a  supply  of  ammu- 
nition not  exceeding  2,000  rounds  per  gun,  the  carriages  noe<locl  to  be 
made  at  tlie  Watervliet  arsenal,  after  well-matured  drawings  to  suit  the 
nature  of  our  service.  Two  of  the  guns  procnred  to  be  place<l  in  the 
field,  to  be  reported  upon  after  thorough  trial,  and  two,  with  carriages 
adai>ted  for  flank-defense  casement-service,  to  be  placed  in  some  of  our 
casemated  works  for  trial  and  tests.  It  further  recommends  that  ex- 
periments be  continued  with  the  present  gun  at  Sandy  Hook. 

Extract  of  the  report  of  the  trial  of  B.  B.  BotchlHss  retolrcr  cannon,  made 
by  the  French  Qovernment  at  Gavre. 

OENEBAL  OBIKEEVATIONS. 

Tbe  mechaniani  of  tbe  cannon  revolver  is  simple,  and  snbstantially 
made. 

The  traverse  apparatus  is  simple,  and  works  satisfactorily. 

The  iron  gun-carriage  has  worked  well  during  all  the  trials. 

The  fiise  is  simple,  without  any  danger  for  manipulation,  and  requires 
no  preparations  on  the  battle-field. 

Ballistic  properties. — The  elevation  for  the  maximam  range  is  about 
35° ;  range,  4,tf00"  (about  5,031  yards).  The  accuracy  of  the  revol%-er 
cannon  in  horizontal  deviations  is  remarkable,  and  very  much  superior 
to  that  of  the  mitrailleuse. 

Obturations. — The  gas-check  produced  by  the  cartridge  has  beeu  con- 
stantly good.    The  system  of  the  cartridge-case  is  a  good  one. 

Working  of  mechanism. — The  working  of  the  firing-pin  has  been  con- 
stantly good.  The  loader  worked  always  well  during  all  trials.  The 
principle  of  the  extractor  is  a  good  one.  The  traverse  motion  and  tbe 
elevating- screw  worked  always  well. 

Working  of  the  brass  coats  of  prt^ectilea. — The  projectiles  examined 
after  firing  showed  the  print  of  the  bands  on  the  coat  ver^  distinctly^ 
and  of  tbe  same  width  as  the  bands.  The  results  show  this  principUi 
of  the  brass  packing  to  be  a  good  one. 

Time  of  salvos. — Mean  time  for  ten  shots,  11.6  seconds. 
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RESULTS  OF  FIEINO.      (EXTRACT  OF  REPORT.) 

iiiriJi^  against  a  batttUion  in  columns  by  division  at  enfii  e  distances,    (£jt- 
perimenta  of  271k  Febrvary,  1873.) 

The  battalion  is  represented  by  3  targets  of  1.80  meters  (about  6  feet) 
kri^t  and  70  meters  (about  230  feet)  width.  The  first  at  1,650  meters 
libout  l,80i  yanls)  from  the  cannoD.  The  second  at  1,720  meters  (about 
1^1  yards).    The  third  at  1,790  meters  (abont  1,957  yards). 

Povder-cbarge,  Su  grammes ;  bursting-charge,  20  grammes ;  powder 
of  Bipanlt. 

Angle  of  fire,  Qo  36'. 

Two  salros  of  10  shots  fired,  the  first  nitlbut  travcrsiag,  the  second 
vith  trarersiug. 

The  nomber  of  projectiles  or  pieces  Trhich,  per  hundred,  reached  the 
Urgets  are,  for  the  revolver  caunon,  70. 

In  comparing  this  result  with  those  obtained  by  the  Gatling  niitrail- 
lease  in  the  same  condition,  it  was  found  for  the — 

Caliber  .4J>,  Gatling  mitrailleuse  S'o.  130,  number  of  hits,  11.35. 

Caliber  .45,  Gatling  mitrailleuse,  ^o.  ICl,  number  of  hits,  3.72. 

The  sai>eriority  of  the  revolver  cannon  is  well  marked. 

Firing  ttitk  shells  against  a  battalion  in  column  by  division  at  entire  dis- 
tances.   ( TesU  of  )iath  July,  1873.) 

The  battalion  is  represented  by  6  targets  of  1.80  meters  {about  6  feet) 
hdgbt  and  35  meters  (about  115  feet)  width.  The  distance  between  is 
35  meters  (abont  115  feet.)  The  last  target  1,795  meters  (about  1,963 
yards)  from  the  revolver  cannon. 

Powder-charge,  85  grammes ;  bursting- charge,  20  gi'ammes ;  powder 
of  Bipanlt.  The  firing  is  regulated  to  drop  the  projectiles  between  the 
third  and  the  foui-th  targets. 

Angle  of  fire,  6°  30*. 

Two  salvos  of  40  shots  fired  without  traversing. 

The  number  per  hundred  of  hits  is,  for  the  revolver  cannon — 

First  salvo,  109 ;  the  second  salvo  of  40  sbota  fired  in  30  seconds ; 
sei-ond  salvo,  245. 

For  the  1st  caliber,  Gatling  mitrailleuse  Ko.  81 :  first  salvo,  34 ;  sec- 
oud  salvo,  48 ;  third  salvo,  57.3. 

For  the  .65  caliber  Gatling  mitrailleuse  Ko.  10 :  first  salvo,  25 ;  second 
salvo,  35 ;  third  salvo,  54  -,  fourth  salvo,  18.7. 

The  Hotchkiss  revolving  cannon,  therefore,  produces  a  much  supwior 
effect  to  that  of  the  mitr^Ieuse  Gatling, 

Firing  against  a  steel  plate  of  10  millimeters  {about  0.3937  inch)  thick  ;  dis- 
tance, 150  jneters  (about  493  feet].    (Experiments  of  July  25,  1873.) 

Three  shots. 

t.  Goes  through  and  explodes  in  coming  out. 

2.  Goes  through  and  explodes  in  comiug  out. 

3.  The  shot,  badly  directed,  hits  at  left  a  sheet-iron  of  10  millimeters 
(about  0.3937  inch)  thick,  supported  by  a  piece  of  oak  of  20  centimeters 
(abont  7.874  inches)  square.  The  projectile  exploded  in  the  wood,  which 
vas  spht  to  the  length  of  abont  one  meter  (about  (3.28  feet.)  The  hole 
measares  behind  alx>ut  seven  centimeters  (about  2.76  inches)  of  width. 
IV  piece  of  iron  detached  from  the  sheet  went  through  the  wood  and 
dropped  at  4  or  5  meters  (about  15  feet)  beyond. 
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SENSIBILITT  OF  FUSES. 

The  cannon  was  pointed  seaward  and  fired. 

1.  Two  shots  at  an  angle  of  2'.  The  shell  exploded  on  touching  the 
water. 

2.  One  shot  at  +  16'.  The  shell  exploded  on  touching  the  water. 

3.  One  shot  at       2°.    The  shell  exploded  on  toacbing  the  water. 

4.  One  shot  at      3°.    The  shell  exploded  on  tonching  the  water. 

5.  One  shot  at       5°,    The  shell  exploded  on  tonching  the  water. 

TRIAL  OF  SAFETY  OF  FUSES  {25TH  JOLT,  1873). 

Three  shells  were  suspended  by  a  string,  the  point  downward.  When 
the  string  was  cut  the  shell  with  the  fnse  fell  on  a  sheeMron  plate  the 
height  of  3.32  meters  (about  11  feet).  The  ftise  did  not  explode  and  the 
mechanism  did  not  move. 

TEIAL  OF  FUSES   (BXPBBIMBHTS  21ST  JAKUARY,   1874). 

All  the  empty  shells  penetrated  into  the  earth  from  30  to  40  centime- 
ters (about  13  inches)  depth.  The  fiise  had  exploded  in  all  that  were 
found. 

BANOE  (EXPERIMENTS  OF  JANUARY  20,  1874). 

Charge  of  powder,  150  grammes  "  It,  L.  G."  Some  of  the  projectiles 
fired  at  30°  elevation,  which  were  not  found,  struck  the  ground  at  a  dis- 
tance of  5,000  meters  (about  5,468  yards). 

The  projectile  fired  at  35°  elevation  had  a  range  exceeding  5,000  me- 
ters (exceeding  5,468  yards).  Some  of  the  asaistanta  saw  it  fall,  but 
could  not  find  it  because  the  ground  was  too  rough. 

ACCUBACT  (BSPEBIMENT8  OF  JANUARY,  1874). 

Powder-charge,  100  grammes,  powder  of  Ripanlt;  angle  of  fire,  35*^. 
Shell. 

Mean  range,  4,014  meters  (about  4,390  yards). 

Maximum  range,  4,023  meters  (about 4,400  yards). 

Minimum  range,  3,998  meters  (about  4,372  yards). 

Difference  in  range,  25  meters  (about  27  yanls). 

Maximum  deviation,  G4.2  meters  (about  70.21  yards). 

Minimum  deviation,  60.2  meters  (about  65.83  j'ards). 

Difference  in  deviation,  4  meters  (about  4.38'yards]. 

The  shells  fired  hit  the  ground  at  over  4,000  meters  (about  4,375  yards) 
distance,  within  a  space  of  25  meters  (about  27  yards)  length  and  4 
meters  (about  4.38  yards)  wide. 

Solid  shot. 

Mean  range,  4,454  meters  (abont  4,871  jards). 

Maximum  range,  4,466  meters  (about  4,884  yards). 

Minimum  range,  4,442  meters  (about  4,857  yards). 

Difference  in  rauge,.24  meters  (about  26  yards). , 

Maximum  deviation,  62  meters  (about  67.8  yards). 

Minimum  deviation,  60.6  meters  (about  66  yards). 

Difference  in  deviation,  1.4  meters  (about  1.5  yards). 

The  projectiles  hit  the  ground  at  a  distance  near  4,500  meters  (about 
4,921  yards),  within  a  space  of  24  meters  (abont  26  yards)  length  and 
1.4  meters  (about  1.5  yards)  wide. 
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Eztract/rom  tlie  report  upon  the  ffotchlcus  revolving  cannon,  model  of  the 
French  marine.— {Experiments  of  Havre,  February  and  March,  1877.) 

The  modifications  applied  to  the  cannon- ^volver  for  tlie  service  of 
ibe  marine  have  had  fur  their  principal  object  tlie  giving  te  the  piece  a 
ofBcient  ligbtneas  and  mobility  to  enable  tlie  same  man  to  execute  a 
MDtiQnona  Hre  and  to  rectify  the  pointing  at  each  shot. 

The  necessary  mobility  has  been  obtained  by  mounting  the  piece  upon 
i  fork  pivoted  in  a  socket,  and  this  is  rendered  sufUcientr  because  tlie 
annouier  who  points  siniports  the  left  shoulder  against  a  trail-piece 
anil  hotdti  with  the  left  hand  a  handle  placed  under  the  breech,  and, 
while  tui-ning  with  the  right  hand  the  crank,  is  able  at  the  same  time  t« 
follow  the  object  with  the  line  of  sijrht. 

It  is  proposed  to  have  some  smalT  pieces,  which,  placed  upon  different 
parta  of  a  vessel,  shall  be  able  to  protect  disernbaikation  from  small 
i;nft£  and  torpedo-boats. 

To  fulfill  this  object  we  should  have  great  accuracy  up  to  2,187  and 
i,lii  yartis,  sufficient  rapidity  of  fire,  and  penetration,  at  these  distances, 
'if  plates  from  .20  inch  to  .24  inch ;  also  the  piercing  of  sheathing  of 
liniKrhea. 

PENErnATlaN  OP   THE   SHELLS. 

TliL-  shell  uf  14.85  ounces,  of  ordinary  cast  iron,  gave  dangerous  frag- 
»Dts  in  bursting  on  its  passage  through  a  plate  of  sheet-steel  of  .24 
isrb,  with  a  velocity  at  impact  reduced  to  482  feet  (corresponding  to  a 
'liiUkoce  of  2,187  yards)  under  an  angle  of  22°,  or  with  a  velocity  at  im- 
pact of  623  feet  (corresponding  to  a  distance  of  1,640  vards)  onder  an 
ingle  of  30O. 

It  e^ave  more  than  six  dangerous  fragments  iwv  shot  in  passing  with 
a  relocity  at  impact  of  1,302  feet  in  normal  fire  against  a  steel  plate 
about  .G  inch  thick.  It  gave  again  some  dangeious  fragments  after  hav- 
iag  traversed  11.8  inches  of  wood  under  an  angle  of  H°,  with  a  velocity 
ofalmut  722  feet;  after  having  traversed  11.8  inches  of  wood,-  under  an 
logie  of  30°,  with  a  velocity  at  impact  of  1,302  feet ;  and  after  having' 
traversed  a  wall  of  3.9  inches,  Under  an  angle  of  30°,  with  a  velocity 
it  iDipact  of  about  722  feet. 

FIBINO  AT  VESSELS  IN  MOTIOW. 

This  firing  was  easily'  done  by  two  men,  although  the  gunner  was  not 
arcostomed  to  fire  upon  the  sea  at  a  movable  target,  nor  to  the  sight 
that  was  used.  This  firing  showed  remarkable  accuracy,  since  fifty  good 
bhots  were  observed  out  of  108  fires.  The  balloon  which  served  as  a 
larget  (31^  inches  diameter)  was  reduced  to  pieces:  and  the  stem,  the 
iiM>er  part  of  which  was  attached  to  the  balloon  and  had  2.36  inches  of 
f  roHs-section,  was  cut  away  and  riddled  with  shot ;  and  the  remaining 
Mump,  of  which  the  lower  part  waa  about  .45  inch  cross-section,  bore  tiie 
(race  of  many  shells,  attesting  the  efficacy  of  the  fire  against  a  target  of 
;  ver>-  gmtdl  dimensions. 

RESIBTAUCE  OF  THE  CABTBIDQE- CASES  EUPLOYED  IN  FEEING-. 

It  is  found  that  the  same  case  can  be  used  {by  re-priming)  four  or  five 
timeti. 

HEREEAL  SUMMARY  AND  CONCLUSIONS. 

Toe  Hotcfakiss  revolving  cannon  (marine  model)  fulfils  the  many  con- 
«Utioiullar  tbe'empk>ymeut  to  which  it  is  destiuea — that  is  to  say,  the 
dtrfenae  of  vessels  against  small  crafts  and  torpedo-boats.  ..K>qIc 
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l^e  ctHiiiiiiaaion  tbooght,  in  addition,  that  it  was  fitting  to  examine  if 
this  arm  would  aerve  to  a  good  ase  iu  tlie  protection  of  the  embarkatiou 
of  troops. 

The  extent  of  its  ranges  and  its  loiigitudinul  accuracy  are  remarkable^ 
and  its  lateral  accuracy  ia  satisfactory.  , 

The  results  of  firing  practice  aboard  ship,  executel  with  shells  of  14.85 
oaoces,  showed  that  the  ballistic  qualities  of  the  revolving  cannon  would 
be  utilized  in  the  most  difficult  conditions  of  a  movable  target. 

For  a  distance  estimated  at  the  beginning  of  a  volley,  and  variable, 
a  mean  velocity  of  fire  of  about  one  shot  in  five  seconds  in  regular  work- 
ing and  practice  is  reasonably  sufficient  to  secure  the  eflects  of  each  fire. 

The  shell  of  14.85  ounces,  of  ordinary  cast  iron,  charged  and  fitted 
with  a  percussioH-fuse,  normally  pierced  platesof  steelof  .24inehandnp 
to  2,187  yarda  distance ;  and  under  an  angle  of  30°  up  to  about  1,640 
yards.  This  same  shell  normally  pierced  11.8  inches  of  oak  wood  at  547 
yards,  and  3.9  inches  of  oak  wood  under  the  angle  of  S0°  at  the  same 
distance.  Its  explosion  gaTe,  even  after  the  perforation  of  those  obsta- 
cles, some  dangerous  fragments. 

The  shell  of  about  1  pound,  of  the  same  metal,  will  have  a  greater 
effect,  especially  at  great  distances. 

Two  men  are  sufficient  for  serving  the  cannon. 


(Sitnct,) 

The  artillery  conimltMe  highly  recommend  the  Hotchkiu  revolvjiifi  cannoD,  and 
state  Ihat  the  smollDeiis  of  its  caliber  is  coaipensat«d  for  by  the  rapidity  of  fire,  ■■ 
abont  80  roimiU  per  minute  can  be  diachori^tHl  from  it,  while  cue  round  can  only  with 
difficulty  be  digcharged  from  other  systems  (Whitworth,  Krapp,  ic). 

Each  shell  of  the  revolving  cauiion  given  10  to  11  nsefnl  fragments;  the  gnu  pro- 
duces, therefore,  about  800  t'ragmeuts  per  luiuute.  The  Whitworth  aud  Krnpp  guns 
give  only  7  to  9  useful  fraguients  during  the  same  time,  having  the  same  range  and 
preciHioD  as  the  revolving  cannon. 

The  mazimam  range  of  the  guu  in  4,500  meters  (about  4,9il  yards)  with  French 
powder,  or  about  ^,000  meters  (about  5,4<iS  yardx)  with  our  own  powder,  which  at 


prtweut  appears  to  be  of  the  beat  onality.' 

The  saiDple  gun  purchased  by  the  iniperiol  g 
lery  committee  (though  not  quite  completo,  aa 


„  .    ,  d  government,  at  the  request  of  the  artil- 

J  «  (though  not  quite  completo,  aa  it  was  not  provided  with  the  shield  tA 

protect  the  gunners  against  sharpshootera),  proved  at  the  experiments  on  the  firing- 
gronnds  to  be  an  excellent  weapou,  as  it  posseases  the  following  qualities: 

Great  range. 

Perfect  accuracy  of  fire. 

Absence  of  recoil,  due  to  the  special  brakes. 

Quick  loading,  simple  and  almost  automatic. 

Qreat  rapidity  of  fire. 

Metallic  cartridge,  which  can  be  reloaded  on  the  average  H  times,  and  allowing  the 
primers  to  be  changed  with  great  facility. 

Simple  and  strong  mechoBlam,  composed  of  OBly  7  parts,  which  load,  fire,  extract, 
and  drop  the  empty  cortridfre-Bhell  to  the  ground. 

Complete  obturation  and  forced  protectile. 

Operation  by  only  four  men,  who  can  easily  be  protected  by  entrenohmeut  of  the 

""'    artuierv  committee  exnieas  tue  omuion  ' ^ -  - 

mly  artillery  for  our  army. 
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Triafe  in  November  and  December,  1878,  at  range*  of  100,  20tt,  300,  ani 
140  jwrd*. 

GBNEEAI.  BBHARKS. 

The  trials  of  the  Hotchkiss  revolving  canDon,  made  in  1876-'7T,  dem- 
onstrated it«  meritB  as  an  auxiliary  arm  of  onr  present  field  systems. 
As,  however,  a  complete  record  of  its  powers  and  efficiency  as  a  fleld- 
gan,  esi>ecially  in  its  capacity  to  deliver,  at  short  ranges,  a  far  more 
deadly  and  destrnctive  fire  than  can  be  attained  from  any  of  the  prescDt 
field-artillery  projectiles,  including  canister,  had  not  yet  been  made  by 
actnal  practice,  it  waa  decided  to  make  experiments  and  tests  to  settle 
the  qnestion  of  its  powers  in  this  regard.  Accordingly  trials  were  made 
having  this  end  iu  view,  and  the  results  and  conclusions  are  submitted 
in  this  report ;  also  the  targets  as  plotted  for  the  different  ranges. 

The/j«e8  used  in  these  experiments  were  of  the  latest  model,  haviuj; 
two  brass  wires  oast  into  the  lead  of  the  plunger,  which,  going  tbrongh 
slots  in  the  bottom  of  the  case,  are  held  securely  in  position  by  the  lead 
safety-plng.  The  nipple  and  percuaaion-cap,  at  the  forward  end  of  the 
plunger  of  the  old  model  fuses,  have  been  replaced  by  a  brass  box  filled 
.  with  fulminate,  the  box  being  formed  by  turning  the  edges  of  a  small 
disk  of  sheet-metal.  The  under  part  of  the  box  is  pierced  by  two  veiit- 
boles  which  come  directly  over  the  powder-chamber  containing  tlie 
igniting  charge.  The  open  or  forward  end  of  the  box,  filled  with  its  i>er- 
cussion  composition,  is  covere<l  by  a  disk  of  tinfoil.  The  box  is  secured 
in  it«  recess  at  forward  end  of  the  plunger  by  compres^ng  the  lead  of 
plunger  arauud  it.  To  prevent  premature  explosion  from  handling  or 
in  transportation,  in  case  of  the  loosening  and  forward  movement  of  the 
plunger,  a  small  lozenge- shaped  piece  of  thin  sheet-brass  is  secured  over 
the  fulminat«-box  by  bending  and  driving  tlie  points'  at  its  longer  axis 
into  the  plunger  on  either  side  of  the  box.  A  similar  piece  of  brass 
covers  the  lower  opening  of  powder- chiunber  in  plunger.  With  the 
above  exceptions  the  fuse  in  its  construction  and  action  is  the  same  as 
the  ones  described  on  page  G12,  Eeport  of  the  Chief  of  Ordnance  for  1877. 
and  in  the  report  of  fuses  recently  submitted  by  "  The  Ordnance  Board." 
{See  accompanying  Plate  Xill.) 

Target*. 

The  targets  were  made  of  1-inch  spnice  boards,  and  were  three  in 
number  for  each  range.  The  size,  commoQ  iA>  all,  woe  11  by  52  feet,  and 
at  each  range  the  three  were  placed  at  a  distance  of  50  feet  ax>»rt 

Eetulte  of  firing  at  Sandy  Hook,  Xew  TorJc  Sofior. 

In  all  these  tests  at  the  different  ranges  the  gun  was  aimed  so  that  the 
shell  would  strike  abont  25  yards  in  front  of  target;  4  ouDces  of  new 
mortar-x>owder  was  used  as  the  propelling  charge;  the  shell  weighed, 
loaded,  about  1^  pounds,  aud  the  bursting-oharge  of  shell  was  §  of  an 
ounce  of  musket-powder. 

On  the  1st  of  November  100  rounds  were  fired  at  the  200  yard  range, 
wiU)  the  following  results :  Hits  in  first  target,  1,444;  second,  551;  third, 
177— total,  2,172.    (See  target  appended,  and  marked  Plate  XI\'.) 

Novemoer  15,  100  rounds  were  fired  at  both  the  300  and  440  yard 
range.  At  the  300-yard  range  the  hits  were  as  follows :  First  target, 
097 }  second,  347 ;  third,  100— total,  1,144.    At  the  440-yard  range  there 
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irere,  ou  the  first  target,  &'2'i  hits ;  on  the  second,  603 ;  and  on  the  third, 
'Xa — making  a  total  of  1,G92  hits.  (See  targets  appended,  and  marked 
Plates  XV  and  XVI.) 

On  the  5th  of  Deceuiher  the  final  firing  was  done  at  the  lUO-yard 
Riuge,  100  i-uunds  being  fired,  with  results  as  follows :  Hits  on  ftrst  tar- 
get, 1,515;  second  target,  856;  third  target,  440— total,  2,771.  (See 
tiirget  upiieuded,  and  marked  Plate  XVII.) 

Aocuracy  and  effects. 

Au  esaniiuatiuu  of  the  results  of  firing  at  Sandy  Hook,  and  aceotupa- 
niiiug  targets,  show,  at  all  the  ranges  fired,  accuracy  and  great  deatruc- 
live  efiects.  The  fragments  were  well  distributed,  and  had  great  pene- 
trative power,  as  shown  by  the  number  of  hits  in  the  third  or  last  tar- 
get, at  each  range. 

Eighty  rounds  per  minute  can  be  flreil  from  this  gun ;  but,  assuming 
that  in  deliberate  firing  sixty  rounds  are  thrown,  each  shot  weighing  1? 
pounds,  and  bursting  on  an  average  into  20  pieces,  a  continuous  and 
)K-jtlly  tire  of  75  pounds  of  metiil  or  1,200  bits  per  minute  is  obtained. 

COHOLUSIONS. 

The  results  of  these  trials  give  full  evidcufos  of  the  efficiency  of  this 
arm  at  the  shortest  ranges  at  which  it  is  necessary  to  use  field  artillery, 
ami  it  is  the  judgment  of  the  Boanl  (with  the  results  of  present  exi>e- 
rifDces  before  it)  that  the  best  eflecta  which  can  be  possibly  secured 
(mm  canister  or  even  shrapnel  fire  wUl  be  decidedly  more  than  equaled 
l)y  the  lesults  attainable  by  the  i-evolving  cannon. 

The  coutinuousness  of  the  fire  attained,  also  the  demoralizing  eftccts 
liki;ly  to  arise  from  the  rapidity  of  the  explosions,  add  decidedly  to  its 
advantages  over  ordinary  field  and  siege  pieces  (luing  canister  or  bullet- 
i^hells),  in  the  service  of  which  marked  intervals  of  time  in  firing  neces- 
sarily exist. 

The  preWous  trials  (ret>orted  in  1877)  demonstrated  the  efficiency  of 
this  arm  at  the  longer  ranges  of  field  artillery,  and  the  present  ones  were 
only  needed  to  confirm  its  powers  at  the  shorter  ranges  usually  hereto- 
fore provided  for  by  canister  fire. 

The  intro<Uiction  on  trial  of  this  arm  therefore,  as  heretofore  recom- 
mended, either  in  separate  batteries  or  as  elements  of  our  present  field- 
artiUerj'  batteries,  it  is  believed,  will  prove  tliat  greatly  increased  efiect- 
iveness  to  this  arm  of  the  service  will  ensue,  and  also  probably  show  that 
mnister  fire  can  be  disiiensed  with  materially,  if  not  wholly,  as  field  or 
^i«ge  ammunition. 
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APPENDIX  P. 


(Seven  iilates.) 

DBSCSIPTION  OF  CABBUGB. 

(Plates  I.  II,  and  III.) 

(FnruJBhed  by  the  Coutttnictor  of  Onluftuce.) 

In  order  to  tit  the  Hotchkiss  revolving  cannon  for  introdnctiOQ  in 
our  »ea-coast  forts  as  a  flank -defence  gun,  as  contemplated  by  tlie  de- 
{ortment,  it  became  necessary  to  devise  a  camaj;c  properly  dimensioned 
lor  oar  casemates,  of  the  required  strength,  aud  having  the  maneaver- 
ing  appointment.8  to  meet  the  requirements  of  this  special  service.  A 
wronght-iron  carriage  attacheil  to  aud  working  on  a  wrought-iron 
i-liiissis  or  platforiu  constitutes  the  geneml  feattu'es  of  the  system. 

The  ose  of  plain  &amos  for  the  carriage  aud  chassis,  covered  by  thin 
l>btes  riveted  to  the  frames,  was  deemed  the  t>e8t  for  strength,  lightuesa, 
^d  economy;  the  different  parts  being  assembled  by  ordinary  tran- 
wms,  sufficient  in  number  aud  so  located  iu  the  syNtem  as  to  secure  the 
wixasary  stiffness  and  solidity.  Accordingly,  the  carriage  and  its  jilat- 
(arm  have  been  constructed  as  follows: 

The  carriage  is  comjiose^l  of  two  cheeks,  each  couatmcted  by  riveting 
rwo  plates  i  inch  thick  to  a  skeleton  frame  1  by  I  j  inch  tliick,  aud  the 
cheeks  in  tnni  are  assembled  by  two  transoms,  one  located  at  the  front, 
:ind  the  other  at  the  rear,  aud  the  latter  so  coustractetl  as  to  afford  an 
itscillatiug  be4l  for  the  reception  of  the  elevating  screw  and  its  beveled 
;'par.     (See  Plate  II.) 

The  chassis  consists  of  two  rails  coustructed  on  the  same  general 
l-riiiciplea  asthe  carriage-cheeks,  the  frame  being  bar-iron  1  byl^  inches 
thick,  aud  the  side  plates  having  a  thickness  of  i  inch;  three  transoms 
i)f  ^  aud  J  inch  iron  (located  as  ^owu  iu  I'late  III)  assemble  the  parts. 

The  forks,  wheels,  &c.,  aud  system  of  training,  aud  the  details  of 
chassis  proper,  are  shown  iu  Plate  III,  and  the  gun-carriage  aud  chassis 
;with  its  tongue  connected  with  pintle)  are  shown  in  [wsition  in  our 
present  flauk-defense  casemates,  in  Plate  I. 

The  bottom  or  lower  barrel  being  the  one  destined  to  delivei'  the  fire 
ia  this  system  when  in  action,  the  dimensions  of  the  carriage  and  plat- 
form have  been  so  determine<l  as  to  place  the  axis  of  this  barrel  (when 
borizontal)  in  the  center  of  the  throat  of  the  embrasure,  this  being  the 
proper  initial  iHiint  for  elevation  and  depression  ami  service. 

The  carriage  is  firmly  secured  (when  in  battery  and  ready  for  service) 
Iu  its  chassis  by  means  of  a  screw,  a  (see  Plate  1),  operated  by  alever,  b, 
I'lampiug  a  square  plate,  P,  to  a  slotted  plate,  c  c  c,  placed  underneath 
und  extending  the  entire  length  of  the  chassis,  and  secured  to  the  latter 
by  its  &out  and  rear  transoms,  t  aud  /',  respectively.  To  give  the  play 
necessary  to  avoid  rigidity  and  the  consequent  effects  of  shocks  in  firing, 
u  rubber  spring,  r  r,  is  located  at  the  &out  of  the  chassis,  and  secured  as 
shown  in  Plate  I.  The  ordinary  pintle-tongue,  p,  connects  the  system 
with  the  pintle  located  in  the  front  wall  of  the  casemate. 

Elevating  aud  depressing  are  acoompUshed  by  means  of  an  elevating 
wrew,  $,  working  iu  a  screw -imt,  u,  having  a  bevel-gear  on  its  esterior 
which  is  turned  by  a  miter-wheel  on  the  end  of  a  shaft-,  x  x,  which  passes 
throQgh  the  left  cheek  of  the  carriage  and  is  revolved  by  the  hand-wheel, 
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w  w.    The  elevatiug-screw  is  iwi'maueiitiy  attiiclieil  to  the  gun  by  the  i 
lag  g  anil  pin ;  tlie  transom,  liaving  an  oscillating  motion  to  accomaio-  , 
dat«  the  screw,  being  pivoted  to  tlie  two  dieeks  of  the  carriage.    (See 
drawing.) 

When  it  is  necessary  to  witlidi-ivw  the  gun  from  its  embrasure  (shonn  | 
in  section  in  plate  I),  the  plate  P  is  relieved  by  operating  the  screw  o. 
and  the  carriage,  free  to  slide  on  its  chassis,  is  drawn  back  by  aaordi-  ' 
nary  windlass  in  connection  with  a  rope  and  cnink. 

The  chassis  is  especially  designed  in  length  with  a  view  to  meet  this 
operation  which  may  result  front  temporary  disablements  in  actiou  uf 
which  may  bo  necessary  for  the  imrposes  of  cleaning  and  immediate  re- 
pairs. When  so  drawn  back,  and  sniliciently  far  to  clear  the  walla  of  tiie 
embrasnre,  the  carriage  with  its  gnu  can  be  swung  at  right  angles  to  tLv 
chassis  and  the  gnn  thus  plao«d  in  position  for  any  desired  examinatioD, 
cleaning,  or  relief  ttom  impediments  or  disabilities. 

Tlie  ammunition  used  in  all  the  tests  was  that  described  in  the  KejKirt 
of  the  Chief  of  Onlnance  for  1877,  page  612;  the  shell  being  fitted  with 
the  Hotchkiss  percussion-fuse  describfxl  in  report  of  the  IJoM^i  of  Decem- 
ber 17,  1878  (Ordnance  Xotos,  No.  94). 

RESULTS  OF  FIRING  AT  SAKDY  HOOK. 

The  object  of  the  firing  was  to  test  the  stability  and  geneni]  workings 
of  the  carriage  and  the  accuracy  of  flre  from  it.  To  make  the  trials  mort 
compIete,target'8  were  made  with  the  revolving  cannon, cal.  1".5,  monnted, 
oue  on  this  carriage  and  one  on  the  Hotehkiss  field-carriage. 

On  the  9th  of  April,  after  3  sighting  shots  to  get  the  proper  elevation, 
20  rounds  were  fired  from  each  gun  at  a  tiirget  II  by  52  feet,  made  of 
1-incli  spnice  boards,  and  at  a  distance  of  !W0  yanls.  The  number  of 
hits  in  both  ciiscs  was  20,  and  all  dii-ect.  The  mean  deviation  from  fbe 
center  of  impact  was,  for  tlic  fiank-defense  carriage,  2',13fl ;  for  the  field- 
carriage,  l'.7.?-l.    (See  record  appended  and  Plates  IV  and  V.) 

On  tlifi  16th  of  same  month  firings,  nnder  similar  conditions  to  thoae 
of  the  Otli,  were  made  at  1,000  yards,  20  rounds  in  ea«h  case  fired ;  with 
the  dank' defense  carriage  there  were  two  failures  tolnt  targ'et,  the  mean 
deviation  from  center  of  impact  of  the  18  hits  being  3'.1194 ;  with  the 
field-carriage  all  of  the  shots  hit,  the  mean  deviation  being  3'.70416.  (See 
Plates  VI  and  VII.) 

lu  order  to  test  the  workings  of  the  carriage  for  flank-defenae  pnr- 
iwjses,  a  wooden  casemate  was  constnicted,  all  of  the  dimensions  of 
whicl^  as  to  height  and  width  of  embrasure,  &c.,  were  obtained  Irom  Ibe 
drawings  fnniished  by  the  Engineer  Department.  In  all  the  firings 
under  the  different  angles,  both  of  elevation  and  depression,  and  alsoiu 
its  traverse,  the  carriage  worked  very  satisfactorily. 

CONCLUSIONS. 

All  of  the  diftierfint  flinctions  required  to  be  performed  by  the  carriage 
were  satisfactorily  shown  in  the  t«sts,  and  the  system  proved  itself  eksy 
of  traverse,  elevation,  and  depression  for  the  different  circnmstaDces  of 
fire  for  flank-defense  servitie.  Also  the  feature  securing  a  witbdrawnl 
of  the  gnn  from  the  embrasure — a  necessity  which  it  is  apparent  will 
arise  under  the  varj'ing  cireumstanc-es  of  service — has  shown  in  the  ex- 
periments to  ser\-e  its  [inrpose  with  promptness  and  efficiency. 

The  carriage  is  strong  in  all  its  parts ;  well  adapted  as  a  8,yat«m,  both 
in  construction  and  essenrial  features,  for  all  the  contingencies  required 
of  it  in  service,  sightly  in  its  lines,  and  is  recommended  as  a  standitrd  to 
be  for  owed  in  the  manufacture  of  fiank-defense  carriages  for  the  Hoteh- 
kiss revolving  cannon,  heretofore  tested  and  .approved  by  the  Board. 
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APPENDIX  I«. 

EFFECTS   OF    DIF 
JECT1LE8. 

(Three  plates.) 

DEBOBIPTION  OF  SHELLS. 

{See  Plate  I.) 

Triple-wan  shell,  £Hg.  1. 

This  shell  hae  three  walls,  parallel,  or  nearly  so,  with  each  other,  and 
onited  to  a  solid  base.  In  producing  it,  Qie  inner  wall  a  is  first  cast  by 
the  ordinary  prooess.  This  wall  is  then  suspended  upon  a  core  piece, 
whose  dimeoaious  are  such  as  will  leave  a  space  between  its  exterior 
and  the  interior  surface  of  the  wall  a  equal  to  the  thickness  desired  for 
the  inner  wall  6.  This  core  and  the  wall  a  are  then  suspended  in  a  mold 
oT  the  comniou  constniotion,  which  mold  has  an  inner  contour  of  the 
shape  of  the  exterior  of  the  complete  shell.  The  metal  poured  into  this 
mold  envelops  the  inner  wall  a  and  forms  t!i»  H'.mU  as  shown  in  Fig.  1. 
The  object  of  this  peculiar  form  of  construction  is  to  produce  a  shell 
which  will  be  broken  into  a  larger  number  of  pieces  than  shells  of  the, 
onlinarj-  construction.  Near  the  forward  and  rear  cuds  of  the  cylindri- 
i-al  jwrtion  of  the  shell  eaimelures  are  turned  to  receive  the  packing  or 
i^ft  brass  bands,  which  are  pressed  and  crimpe<^t  into  place.  The  base 
of  the  shell  is  slightly  chamfered. 

ffotckkigg  field-shell  {ordinary  pattern),  Fig.  2. 

These  shells  are  about  an  inch  longer  than  those  described  above,  and 
have  greater  powder  capacity.  They  are  cast  in  the  usual  way  for  cast- 
ing shellSj  and  liave  the  same  general  shape  as  the  triple-wall  shells. 
The  packing  as  originally  made  consisted  of  a  soft  brass  tubing  about 
i  inches  in  length,  running  nearly  two-thirds  the  length  of  the  cylindri- 
cal portion  of  the  sheUj  it  was  pressed  and  crimped  into  a  recess  turned 
on  the  shell  to  receive  it.  Cannelures  were  tnmed  on  the  exterior  of 
the  tubing  to  diminish  the  bearing  portiou  of  the  packing  to  be  cut 
through  by  the  rifling  of  the  gun.  Before  these  shell  were  fired,  and  to 
insm^  suitable  rotation,  Mr.  Hotchkias  added  a  smooth  brass  tubing 
about  li  inches  long,  which  was  pressed  and  crimped  into  the  recess 
turned  for  it  In  turning  this  recess  two  annular  rings  were  left,  as  is 
shown  in  drawing. 

Results  of  firing  at  Sandy  Hook. 

{Plates  II  and  III.) 

On  the  12th  of  Jdarch  29  rounds,  in  all,  of  the  triple-wall  shells  were 
fired  from  the  Hotchkiss  8""  field-gun  at  a  target  11  by  52  feet,  made  of 
1-inch  spruce  bowds.    The  first  9  rounds  were  necessary  to  get  the 
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proper  elevation  to  allow  the  projectile  to  strike  about  25  paces  in  front 
of  the  target,  previous  expcrimeDts,  with  shell  of  all  kinds,  having 
shown  that  projectiles  exploding  at  this  distanue  produce  tlie  moat  de- 
structive efi'ect  upou  the  target ;  of  these  9  tired,  one  burst  at  muzzle  of 
gun.  The  remaining  20  rounds  produced  the  following  results;  Total 
hits  348,  of  which  3l>C>  went  through  the  target ;  1  shell  burst  at  mnzzle 
of  gun.    Average  hits,  per  shot,  17.4. 

Firings  with  the  onlinarj'  shell  manufactured  by  Mr.  Hotchkiss  for 
the  H""  guu  were  made  on  the  19th  following, under  the  same  conditions 
of  target,  elevation,  powder,  &c. ;  no  preliminary  shots  were  necessary, 
the  proper  elevation  having  been  ascertained  by  tlie  experiments  of  the 
12th.  Twenty  shots  flred  gave  results  as  follows :  209  total  hits,  Ti-itb 
185  pieces  through  target;  2  of  the  shells  burst  at  muzzle  of  the  gun. 
Average  hits,  per  shot,  10,45. 

00N0LU8I0NB. 

An  examination  of  the  results  of  firing  and  accompanying  targetf; 
show  an  average  of  17.4  hits  per  shot  for  the  triple-wall  against  10.4  for 
the  common  shells.  The  liability  to  premature  explosion  or  breaking 
up  in  the  gun  seems  to  be  atmut  as  great  for  one  as  for  the  other. 

These  trials  having  demonstrated  the  superior  destructive  effect*  of 
the  triple-wall  over  the  common  shells,  the  Board  recommends  that  fur- 
ther experiments  be  made  to  more  fully  test  their  merits,  when  fiinds 
are  avaUable  for  the  purpose. 
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APPENDIX  I'. 

KVOLVING  CANK( 
CAL.  1.5  INCH. 

(Eight  plates.) 

DB8CBIPTI0K  OF  GUN  AND  CABBIAGE. 

(See  Plates  I,  U,  ill,  and  IV.) 

'The  gun  and  carnage  difter  from  those  described  in  the  report  of  tbe 
Boardof  June  18, 1877  (Keport  of  the  Chief  of  Ordnance  for  1877,  page 
609),  in  minor  details  only ;  the  principIeB  of  construction  are  the  same; 
the  gun  and  carnage  are  lighter,  and  the  barrels  of  the  gnu  shorter. 
The  ammnnition  also  is  lighter  and  shorter  than  that  used  in  the  heavier 
model,  but  is  alike  in  all  other  particulars. 
The  principal  weights  and  dimenaions  are  given  below : 


Total  leugtli  of  bore inches..    291 

Weight  of  gun ponnds  (325  kilos.)..  496 


SfttfH.— (See  Plate  V.) 

Leusthof  body inohes. 

Entire  length  with  fiiHe iachea. 

Weight  of  shell  empty : ounces. 

Weight  of  fnse  


3.381 
3.e7S 
13.19 


Cartridge  case.— {See,  Plate  V.) 

Length  of  case inohea..  3.711 

Weight  of  oaac ounces..  3.   OS 

Charge  of  powder. 

Charge ounces..    2.63 

Weight  of  complete  Kartridgc ouuces..  21.57 

Length  of  complete  cartridge iucbea..     6.57 

Carriage. 
Weight  of pounds..  643 

RESULTS  OF  TTKIHG.  , 


75  (25  each)  at  targets  200,  500,  1,000  yarda  distant.  The  targets,  11  by 
52  feet,  were  made  of  1-inch  spruce  boards,  of  which  there  were  three 
at  each  range,  they  being  50  feet  apart ;  2.63  ounces  of  new  mortar  pow- 
der was  hbA  as  the  propelling  charge,  with  which  an  average  vefocily 
of  l,lfil  feet  per  second  was  obtained. 
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The  following  results  were  obtEUiied  at  the  ilifl'erent  ranges  flrecl : 
200  yards.— (See  Plate  VI.) 

Shotefirfd,25.     Totfil  hits,  3  larsf ts,  411. 

Total  hits;  lalt«Tt;et 361;ofwhirh    4iK>  verp  IliroiiKh,  ituil  1S6  mil  ihrangh. 

Totalhita:   SiltftTgut 40;  of  which      30  were  through,  Bud  30  not  thrmigb. 

Total  hits:   :U1  tarjcot......     10;  of  whiuh       Gwero  thmiif^h,  and  &  not  tbroiicb. 

411  320  191 

500  yard*.— {See  Plate  VII.) 

Shots  tired,  25.    Total  hits,  3  tiirf;etM,  376. 

Total  hits:  lBttai-);ot...    91.     Through..     4t!.     Not  through..  41.  Direct  hits..  4 

Total  hits:  2d  tBrttet...  126.     Through..     42.    Not  tlfrough..  "2.  Directhit«-.  2 

Totalliits:   Sdtarget...     59.    Through..     13.    Not  through..  44.  Dirfcthitn..  S 


1,000  yards.— (See  PIat«  VIII.) 

Shots  Are*],  35.    Total  hitii,  3  tarKota,  £14. 

TotalhiM:  lsttarg«t...  189.    Throngh..  113.     Notthrough..  71.  Dir«ctliite..  C 

Totalhits:   2dtaTget...     31.    Through..      6.    Nottbrongh..  £1.  Dir«ctbita..  0 

Totalhits:   Sdtarget...     14.    Tlimugh..      4.     Notthrough.,  10.  Direct liitK..  0 


CONCLUSIONS. 

Tliese  reBults,  rivaling  in  effectiveness  the  accuracy,  rapidity,  and  con- 
tinuouaneas  of  fire  and  wide-Hpread  dispersion  of  the  shell  fragments,  at- 
tadned  with  the  heavier  models,  heretofore  tried,  of  the  revolving  cannon 
(at  the  same  range),  afford  evidence  of  the  entire  practicability  of  the  io- 
trodaction  into  service  of  lighter-built  guns.  This  feature  will  secure 
that  increased  mobility  in  action  and  ea.sements  in  transportation  so 
essential  for  the  lighter  nses  to  which  it  mat  be  desirable,  in  a  varyiug 
service,  to  employ  this  arm,  now  probably  to  take  its  place  as  an  impor- 
tant adjunct  in  the  service  of  modern  armies. 

As  an  artillery  arm  for  onr  national  militia  prganizations,  for  duties 
which  they  are  sometimes  called  upon  to  jierform  in  times  of  national 
peace,  the  defense  of  proi>erty  from  mob  violence,  it  has  (it  is  believed), 
at  present,  no  superior. 

APPENDIX. 


(TnuibitMl  tnm  the  Fnnah  by  Cnpt.  F.  H.  ThipiM,  Ordunoe  Deputment.) 

The  commiHHion,  ftttnr  having  described  in  detail  tlie  conBtruotion,  the  mechaniim, 

«ud  the  workings  of  the  piece,  concliulus  it   " --■->-  ■■     -  ■■  ^.».i.. 

nanlta  of  their  experiments : 


1st.  Faciutt  of  mamoeuvkb. 


The  manoenTer  of  this  cannon  U  as  eas^  as  convenient.  The  employment  of  the 
bntt  piece,  and  the  porticalar  construction  of  the  sight,  iwrmit  the  piece  to  be 
diiwted  aa  a  small-nnn  and  eight«d  as  easily  as  thongh  nnng  off-hand,  conditions 
ver;  important  for  rapidity  of  Ore.    The  name  gunner  points  the  piece,  cbaogcs  freolf 
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ilMlirectioD,  aiiil  itulivem  tLi<  xliut ;  a  niugle  assistant  U  nncpaitary  I'oi  fceiliug;.  The 
I'oiiiiniitaiou  tliiiikti,  liowt-ver,  that  a  certuiii  hnbit  of  iliity  with  the  piece  la  indis- 
|i«Luable  to  the  man  who  points;  rapidity  of  fire  TeiuiireH  that  tliis  gunner  operates 
iiiniiltaneouiily  the  chauue  of  ilii'ection  with  tlio  left  hand,  nnd  the  manoeuver  of  the 
liriii);-crank  with  tliu  ri);Tit  hand,  and  ttiat  witliont  the  eye  Iciiving  tlie  line  of  fire. 

Kplative  to  the  siglit,  the  ['oinmiaBion  thinks  that  tlie  tiiglite  with  lixud  graduations 
ui'  preferable  for  nkjiidity  of  tire,  uince  tliey  obviate  the  uecestiity  of  a  uevr  luljuat- 
luvut  at  <^ach  shot.  It  rocof^iiizes  at  the  same  time  that  tliis  advaiitiufe  iurolves  o 
ranse  of  error  ponsiblo  in  the  iKiinting;  liiLe^l  graduations  might  be  i-ouionnilcd  with 
Firli  otliiT  ill  nipid  chunks  of  the  line  of  lire. 

2d.  Solidity  ok  thb  mkcecanish. 

The  mechanism  of  the  Hutclikis) 
imrUof  rooniderablediuiensionnai 
uf  solidity. 

TIjc  catunibsion  lireil  310  roiiudn  without  the  lueclianiBiit  bccuiaiu^  clocked.  A 
'iiiKir  stoppage,  which  ocrnrred,  arose  itoia  a  mistake  of  the  pyrut^chuist. 

A  eurtrid)^  withont  powder  haviug  beeu  iutroducod  into  the  clininber  of  tho  gun, 
tW  primiDg  only  waa  fired,  and  the  Hliell  remained  in  the  bore,  whilst  the  cnrlridge- 
"■a*  was  removed  by  the  extractor.  The  shell  prevente<l  tho  introdnction  itito  this 
lorrel  of  a  new  profectite  and  momentarily  delayed  tho  tiring.  This  oliHfacle  renioveil, 
i)l«  mechanism  functioned]  irre|)roachably. 

3d.  Rapidity  of  fiue. 

Each  revolution  of  the  crank  corresponds  to  a  shot,  tlic  velocity  of  thi!  uu-ehaniHrn 
utainiug  <iO  '.o  fit  shots  »  minute.  But  the  rapidity  of  lire  doiieiKlN  upon  the  pronipt- 
!\tva  with  which  ttie  arm  is  fed  with  eartridses,  proving  in  reality  1c»h  gn'at- 

Tlie  experiiusnts  of  the  uummiwion  furnished  on  this  point  ttiu  fullowing  results  i 

A.  Firing  without  poiutiug  !I2  shots  a  minute. 

B.  Firing  at  ii  liolil  target  placeil  at  a  distance  of  300  sagitnoa  of  (!  feet  (400  yards) 
froiD  the  piece,  poiutiug  at  each  shot,  30  shots  a  minute,  giving  13  hits  in  the  target ; 
proportion  of  direct  hits  to  shots  tired,  60  per  cent. 

C.  In  order  to  dotenniue  the  rapidity  and  nsefnt  effect  of  fire  against  a  moving 
nhjpct,  leu  targets  were  cmployeil,  each  one  representing  tho  end  view  of  a  torjwdo 
!■»(.  These  targets,  disposeil  in  obtii(uo  echelon  in  order  that  they  might  not  mark 
cich  other,  were  tdaccil  at  distances  fhmi  tho  gon  increasing  from  SOsagJnesof  6  feet* 
'(0  yards)  in  such  a  way  that  white  the  first  is  at  80  sag^nea  (160  yards)  from  the 
iinpon  tho  last  wa«  rt)  +  (9  x  30),  or  STiO  sagSnea  (700  yard«)  removed. 

In  onler  to  approach  as  near  as  possible  to  Hio  practical  conditions  of  fire  against  a 
torpedo-boat  during  Its  attack^  a  shot  was  directed  successively  against  each  target, 
I'oiiimeuciiif;  at  the  last  and  tiumhing  with  the  first. 

A  tint  serii-H  of  iO  shots  fired  in  23  seconds  gave  4  hits,  1  of  which  was  in  the 
tenth  target,  1  in  the  second,  Kud  3  in  tho  first.  The  torpedo-boat  advancing  witJi 
ibe  s[>e«l  of  41.7  knots  wonld  receive  directly  three  projectiles  in  getting  over  370 
SMT^nea  (.>iO  yards). 

A  second  series  of  10  shots  was  fired  in  60  seconds  in  the  same  order  as  those  of  the 
lint  serieH,  giving  3  hits,  1  each  in  the  ninth,  fifth,  and  second  targets,  correspond- 
ing tn  li  hits  npon  a  torpcdo-boiit  approachiuK  with  a  speed  of  16.04  knots. 

Finally,  a  third  series  of  5  shots  was  tired  in  45  seconds,  and  dirocted  against  G 
tartlets,  60  HUgi'nes  apart  (ISO  yards),  the  first  being  placed  at  KO  sagt^nes  (160  yards) 
from  tho  gun ;  these  shots  gave  2  hits  in  the  dificrent  targets,  rnrresponding  to  2  hits 
"n  a  tor]Hilii'lM>at  traveling  with  a  speed  of  31.4  knots. 

4th.  Initial  vklocitv  ok  the  pbojectiuc. 

The  iiiitiitl  velocity  of  tho  cast-iron  shell  weighing  15.%  onnces,  and  fired  with  a 
•■huge  of  2.U  ounces  of  cannon -powder,  was  1,:!11  feut.  That  of  tho  steel  shell  of  17,2 
'"inti'S,  lltod  with  the  same  charge,  was  I,2S8  feet. 


'XoTE. — The  sagi!ne  of  G  feet  nwd  in  the  Russian  murine  is  eqnal  to  I***  rCI  (aliout  3 
EuKltsh  Yards),  and  must  not  l>e  confoiuid*d  with  tho  sag^ne  of  7  feet,  which  isminal 
"I  V- 134"  (Si  yanls),  used  in  the  Riisstiin  land  service. 
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A.  The  wetfjhtad  cnnt-iron  shell  penetrated  f^«oty  the  t-!nch  iron  plitto  Ht  a  dutance 
of  three  cablc-lengtbH  (730  yardit).  Firing  at  the  s»mo  distance  againat  *  l-inch  iron 
plates,  tlie  same  proji^tilo  liroke  in  small  pieces  in  making  only  an  irapreesion. 

B.  Thii  cast-iron  nholi  tuaded  wont  through,  at  the  saiuo  distance,  the  ^ineh  inm 
plate  and  «xplodeil  behind  the  target.  Under  the  same  circum.^tances  this  pmjectile 
only  produced  a  feeble  impression  in  the  l-i[ich  plat«  and  ozploded  in  front  of  the 

C.  The  woiKht-nd  M<^\  pro,|ectile  Html  against  the  1-inch  iron  plate  made  a  bnlge  S 
inches  in  dnptn  and  detacned  t^agmentti  of  the  target ;  the  holo  was  tht«ugh,  but  th? 
shell  did  not  go  throngh. 

D.  The  steel  shol]  loaded  pierced  the  1-Inch  plato  and  made  an  indent  onlj  1  iocb 
in  depth.     The  ftvguieiit«  of  the  projectile  f«ll  in  front  of  the  target. 

6lH.   0BLI<)UK  VIRK   against  the   prow  OV   a  TORPBDO-BOAT  at  a  DIBTAKCB  OF  TWO 


I%nt  ahot,  VKighied  ooit-inm  ihelL 

Tlie  projectile  struck  the  tcft-lionJ  corner  on  a  level  nith  the  second  bulkhead, 
starting  from  the  front,  passed  throngh  tlie  second  and  third  bulkheads,  and  struck  t 
i-iuch  iron  jilat*  ronrcacnting  the  boilar  of  the  torpedo-boat,  upon  which  it  was  hrokcn 
to  ptocct,  Hhglitty  damaging  tlio  plate. 

Scamd  ikot,  nieigkUd  ooit-iron  iketl. 

The  projectile  stniok  the  righk-hand  corner  in  front  of  tlio  first  bulkhead^  pas^ 
through  the  comer  of  the  first  bulkhead,  and  broke  to  pieces  on  a  ricochet. 

The  fragments  produced  in  the  second  bulkhead  four  holes  and  one  indeutation ;  in 
the  third  three  holes  and  one  indentation ;  and  on  the  ^inch  iron  plate  three  inden- 
tations, one  of  which  was  |  of  an  inch  deep,  the  other  two  being  slight. 

Tliird  »kol,  tieel  »MI. 

This  projectile  stmck  the  right-hand  coruer  close  to  the  second  bulkhead,  pfue- 
trating  these  two  bnlkhcods,  rlcucbetted  in  deviating  to  the  left,  and  breaking  itself 
in  turning  against  the  l-incb  iron  plale,  upon  which  it  made  an  oval  indentation  i 
inch  deep.  During  this  ttre  the  projectile  hit  the  conier^f  the  torpedo-boat  under  an 
angle  of  from  1^^  to  ^(F. 

7th.  Explosive  effects  of  thr  pROJBcriLBs. 

In  order  to  study  the  explosive  effect*  of  the  projectiles  loaded  and  provided  with 
the  DeamiireHt  fuse,  the  hre  being  directed  against  two  wooden  targets  of  t-iuch 
spruce,  31  feet  long  and  3  fi'et.  higli,  phicetl  the  first  at  COO  yards  from  the  piece,  and 
the  secoud  13  feet  behind  the  first.  Of  the  8  shota  fired  4  burst  betwoeu  the  two  tti- 
gets,  and  4  after  having  pastied  through  them.  There  was  fonnd  on  the  second  target 
76  holes,  being  19  hits  per  shot. 

8Tn.  Test  ov  the  accuracy  of  the  piece. 

Firing  for  accuracy  was  made  with  et 
600,  and  1,000  yards  dUtant.  The  t«stt 
of  these  projectiles. 
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COSCLUBIOSS. 

AAer  th«  experimenta  mode  with  the  Hotchkiss  revolving  cannoD,  the 
recapitulated  m  the  following  conclasioiiB  its  opinion  of  tbie  arm! 

Int.  The  Holiditv  of  the  mechaDisni,  the  couvenience  of  it^inainagemeut,  and  the 
bcllity  with  which  the  piecv  can  be  taken  apart  and  pat  together  aigain  aie  com- 
I>l«(ply  Mtiafsctory. 

3d.  Ite  ease  of  manoenver  and  rapidity  of  pointliiK  are  ver^  remarkable.  On  this 
point  the  Hotchkiaa  revolving  cannon  has  an  Inconiteatable  superiority  over  all  arma 

3d.  The  precision  of  fire  of  the  Hotohkiw  revolving  cannon  is  very  aatisfaoto^. 

4tb.  With  reapect  to  rapidity  of  fire  the  Hotcbklea  revolving  cannon  has  an  advan- 
tiro  over  the  Engstrou  and  Baranoweky  cannon. 

3th.  The  pivot  of  the  Hotchkiaa  revolving  camion  preaenta  all  the  gnaranteea  of 
loliitilj- 

GtlL  The  effect  of  tbe  loaded  shelta  on  the  wooden  laanches  waa  aatiafactory.  The 
Desmareet  fusee,  however,  were  wanting  in  sensibility. 

Ttb.  The  eSecta  of  the  projeotllea  on  tne^inoh  and  I-inch  iron  plates,  and  apon  the 
torpedo-boats,  were  BuCHcient. 

Ttie  commission,  in  view  of  the  preceding  conclusions,  is  of  the  opinion  that  the 
Hntchkisa  revolving  cannon  should  find  place  in  the  anuMuent  of  the  ahipa  of  the 
KiiMtan  imperial  navy  as  a  means  of  defense  against  torpedo  boats. 
12  OBD 
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APPEXDIX  1". 
PROGRESS  REPORT  ON  THE  3-INCH  BREECH-LOADING  RIFLE. 

This  guD  was  altered  on  the  recoinmetidatioD  of  the  Constructor  of 
Ordnance  in  his  letter  of  October  12,  1878,  and  is  fully  described  in  his 
report  of  October  2, 1879.  It  was  moanted  on  the  ordinary  3-inch  fleld- 
carriage.  • 

A  summary  of  the  results  obtained  with  varying  charges  of  different 
powders  is  appende4l,  from  which  it  will  be  seen  that  the  I.  A.  powder 
gave  the  best  results,  the  pressure  being  qnite  low  for  the  velocities 
obtained. 

The  breech  mechanism  worked  with  facihty  in  every  instance,  there 
being  in  one  or  two  cases  a  slight  escape  of  gas,  but  not  enough  to 
cause  any  sticking  of  breech-block.  This  system  offers  an  easy  and 
economical  method  of  converting  our  present  muzzle-loading  field  guns 
into  breech-loaders,  and  the  Board  recommends  that  a  battery  of  these 
be  made  for  issue,  by  sections,  to  batteries  in  the  service  for  competitive 
trials  with  the  muzzle-loaders,  and  that  the  artillery  officers  be  called 
npon  for  ail  expression  of  opinion  with  regard  to  their  relative  merits. 

AVERAGES. 

R(9Hll»icitk  3"  brtecli-loadiiiif  r'lfic  to  delemiHe  proper  kind  and  ckanje of  poteier for  vte 


ermine  pro, 
h  3"  riflei. 


—  IJ 
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APPENDrX  P. 

PB00HE88  BEPOBT  ON  M.17-INCH  MUZZLE-LOADING  EIFLE,  CHAMBERED 


Por  full  description  of  the  coDstmctioD  of  tbis  gan,  see  report  of  the 
Conatrnctor  of  (ftdnance. 


The  extra  width  at  tiie  breech,  dae  to  the  banding  of  this  gan,  pre- 
vented ita  being  mounted  on  an  ordinary  field-carriage ;  one  for  the  4^' 
siege-rifle  was  therefore  adapted  to  it«  ose. 


With  the  exception  of  two  rounds  of  Da  Font's  hexagonal  L  C.  pow- 
der, the  density  and  granulation  of  which  were  respectively  1.7  and  72; 
Da  Font's  sphero-hexagonal  I.  B.  powder,  having  a  density  of  1.728  and 
a  granalation  of  123,  wais  employed.  The  charge  of  powder  used  in  fill 
the  tests  being  longer  than  the  chamber  of  the  gan,  it  was  necessuy, 
in  order  that  the  powder  might  be  forced  into  place,  to  rip  the  longi- 
tadinal  seam  in  the  bag,  with  the  exception  of  about  2  inches  at  each 
end,  and  to  snbstitute  for  the  thread  a  steel  wire ;  the  cartridge  being 
forced  down,  and  the  wire  removed  by  means  of  a  string  attached  to  it, 
the  powder  lyiog  beyond  was  forced  loosely  into  the  chamber.  The 
charges  of  powder  varied  &om  5^  to  5H  pounds ;  the  resaltang  air- 
space ranging  from  31.32  to  35  cubic  inches  per  poond  of  powder. 

PBOJECTILES. 

The  projectiles  were  all  of  the  Butler  pattern,  and,  except  two.  12} 
pomids  solid  shot,  and  five  11-}  pound  cored  shot--the  lattAr  fired  at  sea 
for  ranges — were  cored  shot,  weighing  10}  pounds. 

RESULTS  OP  FIRING. 

An  examination  of  the  record  of  firing  appended  shows  that  the  best 
Ksnlts  were  obtained  with  5  ponnds  13  ounces  of  I.  B.  powder,  which 
gave  a  muzzle  velocity  of  2,026  feet  with  only  30,000  pounds  pressnra. 
The  loss  of  37  feet  in  velocity  in  81  feet  of  night,  though  great,  might 
be  expected  of  a  light  projectile  moving  with  such  very  great  velocity. 
It  will  ^80  be  observed  that  an  increase  in  the  charge  of  powder,  2 
ounces,  gave  no  additional  velocity  to  the  projectile,  flxmg  5  ponnds  13 
ounces  as  the  maximum  effective  charge  of  this  powder  for  this  rifle. 
The  best  average  results  so  far  obtained  from  the  3"  breech-loading 
rifle  was  with  3  pounds  of  I.  A.  powder,  using  same  kind  and  weight  of 
projectile  as  above,  the  resnltiug  muzzle  velocity  being  1,658  feet,  and 
pressure  36,333  pounds.  The  loss  of  velocity  in  75  feet  was  16  feet.  An 
average  of  five  rounds  with  the  chambered  rifle  gave  a  range  of  3,049 
yards.  , 
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CONCLUSIONS. 

It  will  be  seen  that  the  advantage^of  chambering  is  fully  estabUshed, 
as  the  results  obtaiaed  are  most  excelleDt,  and  MIy  equal  to  any  devel- 
oped abroad.  It  ia  therefore  of  the  highest  importance,  in  the  opinion 
of  the  Board,  that  further  experiments  be  made  by  applying  this  prin- 
ciple to  higher  calibers,  and  practically  establishing  the  extent  to  which 
it  can  be  used  in  our  sea-coast  armament. 

After  a  full  consideration  of  the  subject,  as  applied  to  our  present  field 
guna,  the  Board  is  of  the  opinion  that  the  chambering  principle  should 
be  used  in  any  which  may  hereafter  be  altered  into  breech-loaders. 
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APPENDIX  I'*. 
PROGRESS  REPORT  ON  8-INCH  BREECH-LOADING  RIFLE. 

The  gnn  and  carriage  were  folly  described  in  the  report  of  the  Con- 
structor of  Ordnance,  and  published  in  the  Report  of  the  Chief  of  Ord- 
nance for  1878. 

This  riile  ha«  been  fired  in  all  202  rounds,  190  of  vhich  were  with 
battering  charges  (35  pounds).  An  examination  of  the  accompanying 
record  will  show  that  in  the  firings  with  battering  charges  the  average 
weight  of  shot  nsed  was  181  pounds ;  the  mean  velocity  at  mnzzle,  lj363 
feet ;  the  mean  maximum  pressure,  30,302  pounds  per  square  inch  of 
bore;  and  the  mean  energy  at  muzzle,  2,333  foot-tons. 


The  gun  remains,  so  for,  intact,  and  awaits  the  trials  ftirther  contem- 
plated and  decided  upon  as  necessary  to  test  the  endurance  of  this  syB- 
tem  of  constroction. 
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APPENDIX  I". 


A  fitll  deBcriptiou  of  the  gnu  will  be  fonnd  in  the  report  of  the  Con- 
structor of  OrdDance.  It  is  moanted  on  the  ordinary  Id-inch  senice- 
carriage,  provided  with  pneuoiatic  buffers  for  checking  recoil. 

By  the  record  it  will  be  seen  the  goD  haa  been  fired  33  roande  with 
charges  varying  from  70  to  85  pounds ;  the  projectiles  varying  in  weight 
^m  593  to  552  pounds.  Various  powders  have  been  used  in  the  tests 
in  the  endeavor  to  find  one  best  suited  for  the  trial  of  the  gun.  The 
sample  I.  H.  (see  record),  the  last  tried,  has  given  fair  results — with  85 
pounds  of  powder  and  a  shell  weighing  552  pounds — the  recorded  veloc- 
ity being  1,290  feet,  with  a  corresponding  pressure  of  30,000  pounds. 
Experiioents  will  be  continued  when  the  supply  for  tlie  tests  recently 
ordered  from  the  Messrs.  Du  Pont  &  Co.  shall  have  been  received. 

The  gun  remains  in  a  sonnd  and  serviceable  conditioo. 
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(Fifteen  platea.) 

Sir:  In  compliance  with  the  instructions  of  the  Acting  Chief  of  Oni- 
uancc,  of  September  1, 187fl,  in  third  indorsement  on  Capt.  J.  E,Greer*» 
report  of  Ai)ril  2, 1879  (1176  of  1H79),  the  Board  has  the  honor  to  reiM>rt 
that  the  tests  ordered  were  made  at  Sandy  Houk  on  the  2fith,  26th,  and 
27th  ultimo.  The  fixtures  difi'er  from  those  described  in  the  report  «f 
the  board  of  April  4, 1879,  in  the  following  particulars  only:  The  tajier 
key  or  wedpe,  which  fitted  under  the  lever  and  between  it  and  theswiv- 
eled  steel  box  throngh  which  it  passed,  has  been  omitted,  it  being  re- 
place<l  by  a  simple  clamp-screw.  This  clamp  is  now  on  the  lefl  of  the 
swlveled  box,  and  the  clamp  for  the  turn-table,  formerly  on  the  right, 
has  been  transfen-ed  to  the  left  side  to  be  within  reach  of  the  left  hand, 
the  right  band  remaining  always  at  the  firing  crank.  The  ocrew-clanip 
was  substituted  for  the  wedge,  a»  it  was  feare<l  ttiat  the  latter  might 
become  nisted  and  give  trouble  by  sticking  in  its  seat.  A  simple  device 
for  limiting  the  oscillation,  as  shown  in  this  rough 
sketch,  has  been  att4iched  to  ttie  stock,  and  could  be 
use<t  or  not,  as  ciifumstaLces  warranted.  When  in  nse 
it  is  turnetl  np  so  as  to  limit  the  play  of  the  lever,  the 
amplitude  of  the  ost^illation  lieing  regulated  by  the 
screws  A  A  (sec  Plates  XI,  XII), 

\Vith  this  arrangement  six  targets  were  fired,  four 
of  them  l>eing  at  200  j'ards  distaiice  and  the  remaining 
at  500  vards  {see  target  plottings  appended  and  marked 
1,  2,  3,  4,  5,  and  6,  Plates  I,  II,  III,  IV  V,  and  VI). 
In  all  10  series  of  500  rounds  eacli  were  fired  at  targets  11  by  52  tect, 
made  of  l-inch  spruce  boards.  Of  the  500  rounds  firetl  at  the  first  and 
second  targets  at  200  yards,  all  were  direct  hits ;  at  the  500-yard  targets 
(Nos.  3  and  4),  the  hits  were  respectively  453  and  489. 

Up  to  this  time  5  men  had  been  employed  in  the  service  of  the  piece, 
the  average  time  occupied  in  firing  5(Ml  rounds  being  1'  29jl".  The  men 
were  not,  however,  reijuired  to  fire  as  rapidly  as  possible  duriug  those 
trials. 

The  fifth  and  sixth  targets,  at  200  yards,  were  fired  by  three  men,  one 
turning  the  crank,  one  feeding  and  liandling  cases,  and  one  attending 
to  the  oscillator  or  lever,  the  clamps  being  unscrewed  and  the  giin  free 
to  move  both  vertically  and  horizontally.  An  examiimtion  of  these  tar- 
gets— on  the  first  of  which  there  were  but  75  and  on  the  second  but  143 
hits — shows  how  difficult  it  is  to  control  the  disiwi-sion,  the  hand  alone 
controlling  the  lever,  and  that  it  is  necessary  to  clamp  the  lever  to  pre- 
vent too  great  oscillation. 

The  8e\enth,  eighth,  ninth,  and  tenth  targets  (Plates  VII,  VIII,  IX, 
and  X),  at  200  yards,  show  good  results,  the  hits  being  resiwctively  4fl7, 
467,  473,  and  48W ;  in  these  targets  the  straight  lever  was  replaced  by 
one  forked  at  the  end  to  enable  the  man  directing  the  gun,  by  placing 
his  body  between  the  forks,  to  better  control  the  dispersion,  ^^^lilst 
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firing  the  seventh  target  the  deviee  attached  to  the  stock  for  linuting 
tlie  oscillation  waa  used,  the  clamp  on  oscillating  lever  being  unscrewed ; 
bat  wbUst  firing  the  eighth,  ninth,  and  tenth  the  oscillation  waa  cod- 
trolIe<l  by  the  lever  alone,  the,clamp-8crew  being  fastened  and  the  gOD 
having  only  that  much  of  vertical  oscillation  which  would  be  due  to  the 
play  of  the  gun  in  firing.  The  average  time  occupied  by  three  men  in 
tiring  the  fifth  and  sixth  targets  was  50J" ;  two  men  fired  the  seventh 
target  iu  51J" ;  and  the  average  time  occupied  by  one  man  alone,  in 
tealiug,  firing,  aud  oscillating  (eighth,  ninth,  and  tenth  targets),  waa 

All  the  above  firings  were  done  with  a  long  lO-barreled,  caliber  0".45 
(iatling  gnn  (see  record  of  firing  appended,  marked  A,  and  Plates  XI 
and,  XII  showing  gun,  &c.). 

GENERAL  aUMMAEY  OF  RESULTS. 
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The  Board  find  the  changes  iu  the  elevating  and  traversing  fixtures 
of  the  Gatliug  gun,  since  its  last  report,  tii  April,  1879,  are  snch  as  aim- 
I)lify  and  economize  the  construction,  and  add  fecility  to  its  manoenvers, 
and  are  therefore  to  be  preferred  to  the  fixtures  then  applied. 

The  various  firings  made  with  this  gun,  as  will  be  seen  from  the  rec- 
onls  of  firing  appended,  show  that  the  gun  is  handled  with  great  ease 
and  facility,  and  the  fact  that  ono  man  can  work  the  gun  alone,  firing  500 
rounds  in  IJ  minutes,  aud  making  an  excellent  target,  undoubtedly  in- 
dicates that  the  improvements  have  ver^'  much  simplified  and  perfected 
all  the  operations  with  this  gun  to  a  degree  not  heretofore  attained. 

^Vhether  an  automatic  oscillator  can  be  properly  attached,  and  whether 
its  use  is  so  valuable  aa  to  make  it  an  imiiortaut  adjunct,  it  is  impos- 
sible for  the  board  at  the  jiresent  time  to  decide,  but  as  this  addition  ia 
recommended  h^  Captain  Greer,  who  states  in  his  report  that  it  can  be 
practically  applied,  and  as  the  settlement  of  the  question  whether  it 
shuuld  be  dispenseil  with  or  not  has  arisen,  the  Board  wonld  recom- 
mend that  an  automatic  oscillator  be  adapted  to  one  of  the  guns  and 
carriages,  with  these  new  features,  at  the  Springfield  Armory,  as  pro- 
IKwed  by  Captain  Greer,  aud  that  experiments  be  matle  at  Sandy  Hook 
to  determine  this  matter ;  all  to  be  earned  out  as  early  as  practicable. 
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Natiokal  Arhort. 
Sininsfield,  Mam.,  April  i,  1979. 

Sir:  Id  aocordance  with  your  instructione  to  eiamtue  the  new.model  Oatljtig  goo 
dewgned  for  the  English  sen'ice,  1  have  the  houor  to  submit  the  foltowiiig  repoirt : 

In  its  geDetal  features  thU  gun  resemliles  the  short  S-bairel  gun.  It  differs  front  it, 
however,  in  the  following  particnlitrs :  The  crank  is  traDsferred  ttoai  the  rear  of  ths 
main  shaft  to  the  side  as  in  the  long  guns.  This  neceaattates  the  addition  of  a  dia- 
phragm which  receives  and  transmits  the  pnasure  &om  the  cam  directly  to  the  eaa- 
eahe^plate.  The  crank-shafc  passes  in  rear  of  the  diaphragm.  In  order  that  there  may 
be  no  loss  of  speed,  as  compared  with  the  crank  on  the  main  shaft,  the  pitch  of  the 
worm  and  worm-gear  is  mode  the  same. 

The  adjustment  is  at  the  rear  and  the  same  as  in  the  5-barrel  gnn,  except  that,  on 
account  of  the  change  of  position  of  the  crank,  the  odiiiBting-nut  locking-ayring 
Is  replaced  by  a  slide  on  the  cascabel-plale,  which  euten  the  Torions  notches  on  the 
inside  of  the  out.  The  barrels — six  in  number — are  24  inches  in  length,  six  Inches 
longer  than  those  of  the  short  gun.  The  gnu  is  bronze-cased  throughout.  Underneath 
Midat  tbe  re«r  of  the  cosing  is  pivoted  a  cubical  block  of  metal,  throngfa  which,  and 

XaptBA     .wUk     tliA      rmn        i>      a      nB#.4anrm)ar    a1nt  i       lifter      A^     Aid        --'  '        - 


lengthwise  with  tbe  g 


sctangulor  alot.     k  lifter,  or  elevating -bar,  passes 

'  ■'    "      -  '•)  the  turn-table  of  either  carriage  or 

y  another  bar,  slightly  wedge-shaped 

Dg  undemeatli  and  passing  tliro  ~   '  "" "     '"  -'       ,•      "-...-i-.._ 

rawfiig  tbe  w 

bj  tta  reinsmioD. 

Near  tbe  ont«r  end  of  the  elevatimg-bat  a  handle  is  pivoted  to  it  having  a  groove  on 
It  npper  sniface  for  the  end  of  the  bar  wlten  preued  together.  A  flat  spring  between 
the  bar  and  handle  rotates  the  latter  downwud  abont  Uie  pivot.    At  the  lower  front 


REPORT    OF    THE   CHIEF   OF    ORDNANCE.  193 

^nil  of  the  hanille  is  a  sort  of  hook  which  roceives  a  projocting  pin  on  tho  rear  of  the 

Thi-  pivot  about  which  tho  handle  turns  being  at  its  upper  front  end,  upward  motiou 
■f  (he  roar  TCithdrawg  the  wedge.  lu  onler  tliiia  to  change  the  oluvatiou  it  is  only 
ncofiiary  to  press  tlie  end  of  Ihn  liar  and  handle  tofjetlier.  and  thnu  raise  or  lower  at 
|ilr»»iire.  This  may  be  easily  and  readily  dona  with  ouo  hand.  Ou  relaxing  the  pi'ess- 
un<  iif  Ihe  hand  the  spring  thrown  Ihe  liandio  down  and  rLitiirns  the  wedge. 

Thr  <'le rating-bar  ntay  also  lie  clam|>ed,  if  ncccssitry,  for  1on{;-caiitinned  firing  by  n 
K'rpw-liiuder  throneb  the  projpction  ou  the  underside  of  the  casing.  The  advantages 
nf  this  method  of  euanr;iiig  the  elevation  are  very  great.  The  elevatLig-ttcrew,  with 
Lilt  limited  movement  of  breech  and  alow  motion,  is  aia|iensed  witii ;  the  vertical  angle 
thTnii<;li  which  the  gun  may  be  nioved  is  vastly  inoreaaed — 15^  elevation  and  3U-^  de- 
prfwioa  uow  being  given — and  the  time  reduced  to  a  minimnm.  With  the  elcvating- 
vivw  the  short  and  long  unus  cannot  be  mounted  on  the  same  oarringe  without  greatly 
vi«;ilfciiiag  tlie  stock  by  the  iusertion  of  two  ctevating-acrew  boxes  near  together.  By 
th?  uicnns  liwt  luloiiteil  either  gnn  may  be  mounted  on  any  carringe  or  tripod  inscrvii-e. 
Tbe  osuillattiT  is  also  disiiiiiised  with,  the  gnu  being  tamed  to  the  right  or  left  by 
llip  handle  of  the  elevating- bar.  The  turn-table  may  be  clain|ied  to  its  btd  by  a  scrcn'- 
biudrr  if  no  horizontal  motion  is  desired. 

SYSTEM  NOW  IX  USE. 


The  changes  iu  the  tripod  are  as  follows :  The  nscillatnr  is  omitted  as  before,  and  the 
turn-table  is  much  lightiined  by  the  removal  of  the  portion  which  supperled  the  elevat- 
iujc-xcrew  and  its  lifter.  The  tiim-table  binder  has  been  altered  from  that  of  an  eecen- 
iric  to  a  ocrew.  It  has  been  found  tliat  by  continned  ttriiig  the  li^s  of  the  tripwl  had 
s  tendency  to  work  together,  endangering  the  stability  of  the  piece,  gometiiuos  even 
<"  the  extent  of  a  complete  overthrow.  To  correct  this,  jointt^d  braees  hare  Iwen 
plared  between  the  legs.  These  fold  up  with  the  legs  during  trnnsportalion.  So  far 
an  fai:ility  of  directing  the  piece  from  the  tripod  is  concemed.  the  new  method  is  not 
tn'eally  superior  to  that  in  use,  because  the  piece  may  now  Iw  turned  through  a  hori- 
iinulal  Arc  of  360°,  and  by  means  of  the  elevating-screw  lifter  tho  elevation  may  he 
'laiekly  eiven  ;  but  as  the  new  method  enables  any  gun  to  be  lired  from  either  carriage 
'ir  tripiM  it  is  particnlarly  desirable.  The  reduction  iu  weight  of  the  trijiod  is  also  a 
valuable  feature. 

13  OED  '    ■   (^ 


194         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

The  Rreat  wlvaiitai;!',  however,  Is  deriveil  when  the  piece  is  mtiiinte<l  ou  the  carriai;!- 
whero  the  elevation  is  (;ivcii  l)y  the  screw  aluae,  ami  llio  horinoutal  niutinii  in  ex(fi;il- 
ingly  Uiuitrd  without  iiiuvemoiit  of  the  trail.  lu  view,  then,  of  the  KTfat  ai>]iiLn'iit 
iuiIH>riority  of  the  novr  H.vstent  ovor  that  in  Hervlite,  I  would  ren^H-Rt fully  su)()cest  thai  a 
Kim  and  carrii^s  of  the  latest  dhmIcI  bo  puruhaiieil  for  exiM>riiu«nt  anil  trial,  vr  tlut 
one  of  those  now  on  haiiil  lie  nltereil  fur  tufl  |iiir|"™'  menltotii-il. 

Plates  Xrir,  XIV,  and  XV,  illnstrativo  of  the  sretora,  aroaubmitted  herewith. 

IFlntlDdonemeat.) 

National  Akmort,  JpriJ  2.  1879. 
o  the  Chief  of  Onlnance,  approving  the  reeomnipmlatioii 
w  iKiiutitiK  niipariitiis  be -p roc ii red  from  the  Uatlin^  tiiiu 
c  of  the  euuH  bclunginic  to  thi^  Onluani'o  Depart  men  I. 
J.  G.  BENTOX, 
liiealtnant-Coloiitl,  CoMiuandiiig. 


Reaiiectfully  forwanled 
that  a  specimen  of  thi>  n 
Company,  for  trial  with  oi 


[Second 


Respectfully  returned 

the  piirehftsi'  of  a  i*j>iiciin 

By  order  of  the  Chief 


Ordnance  OFfici::,  War  Dkpabtmkst. 

lliuhiHgloii,  Api-il  4,  l(fT9. 
o  the  conimsndinc  otfleer  jpf  National  Armor;-,  anthorizin;; 
II  of  the  new  poiullng  apparatus  for  trial  and  i-epurt.     '     ' 
r  Ordnani*. 

S.  C.  LYFOHD, 
Major  of  Ordiiatiet. 
|Thii4  iadoraenieDt.1 

National  Abmobt,  A»gu»t  2!>,  HTll. 

Rosppctfully  tetiimwl  to  tUo  Chiff  of  Ordnance,  togelUoT  With  Captain  Greer's  n-iiort. 
Aatt-A  AneiiHt  2ti,  Ir^iV. 

I  ain  ot  opinion  that  the  new  ap]>aratiis  for  pointing  Galling  gnna,  heroin  referred 
to,  is  eiinal  to  tlii'  iihl  ont>  for  stoadiiiesH,  aud  much  annerior  in  rapid  exRcntJon.  l[i  it 
Dr.  Gatliug  has  omitted  the  old  anlomatiu  oscillator  and  snbHtitutfd  for  it  au  oiKillntioa 
bv  hand.  As  this  is  an  important  point,  and  oiiu  that  cannot  )>«  properly  tested  ai 
tfiis  place  for  the  want  of  a  proper  flriufc  ground,  I  reeonuiieud  that  the  entire  subject  Iw 
traniferred  to  the  Onlnancu  Board  for  trial  and  determination  at  Sandy  Hook. 

Many  iniprovenicnls  have  boon  introduoeil  in  (iattiiig  guns  since  their  first  intnxliir- 
tion  into  the  scn'ice,  making  a  variety  of  raixlels  of  both  gnus  and  carTiaei>s  now  iii 
the  hands  of  thv  troops.  Some  ellbrt  should  he  made  to  roconcile  the  ditterenccH  l>y 
applying  the  improvements  to  all,  so  far  as  practicable,  and  this  would  set;m  to  l>e  a 
proper  subject  for  the  uoiiNifleratiou  of  the  Board. 

J.  G.  BENTON, 
Colonel  of  Ordaance,  Commanding. 


National  Armory, 
Springfield,  Mau..  AagtufiS,  1879. 

Sir:  In  n.^  .-^ ^C"  ^  atlention  was  called  to  a  new  device  for  elcvaliiis  or 

depressing  and  pointing  of  Galling  guns,  and  a  recommendation  made  that  one  be  pur- 
chased for  trial.  That  recoramenitation  having  been  ajiproved,  the  apparatus  was 
ortlered  trora  the  Gatling  Gun  Com[iauy,  of  Hartford,  Conn. 

On  its  receipt  there  was  found  accompanying  it  a  second  one,  diftering  from  the  oup 
described  in  the  report  mentioned  in  the  following  particulars:  The  taper  or  frjclioii- 
bar  nudemeath  the  elevating- bar  is  omitted,  and  a  brass  yoke  or  fot^  of  a  Hizesufli- 
cient  to  a<lmit  the  average  man  between  the  branches  ia  pinned  to  the  out^^r  eud  of  ihi' 
elevating-bar.  A  lealhei  strap  at  the  end  ol  tliis  bar  }>aase8  over  the  shoulders  ofthi' 
one  turning  the  crank,  and  enables  him  to  hold  the  liar  at  au;  desired  height.  Tin' 
oscillation  w  supposed  to  be  given  by  his  pressing  alternately  against  the  branches  "'' 
the  fork,  the  turn-table  being  nticlatnped.  The  serew-binder  ia  transferred  to  the  Ivfi 
side  of  the  bar  to  onablo  one'niau  to  clamp  the  bar  without  stopping  the  firing.  The 
frictiou-bar  was  omitted,  through  fear  that  it  might  become  rusted  in  its  seat  and  givi- 
trouble,  especially  as  the  lever  power  at  the  haiuUe  whs  very  alight  for  withdrawing  il. 
This  waa  probably  advisable,  though  by  slight  modiflcaliona  this  power  might  be  roii- 
elderably  increased.  The  first  device  required  I  he  oscillation  to  lie  given  Tiv  the  Id) 
hand  at  the  end  of  the  elevating-bar,  the  right  being  at  the  crank.  iTie  elevii- 
tion  ouce  given  remained  Used  until  purposely  altered.     In  the  second  the  elevatiuii 
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ronW  be  altt'red  by  tho  mimng  ot  laweriiig  of  tlie  Blinulilera  over  which  llieotTaii 
piwil,  Trial  with  the  tirst  one  coalimicil  the  ailvi»nl>ility  of  diapenaiiiK  with  thi' 
frictjuu-liar,  atiil  with  the  Bvcoiiil  ilaiiiouHtf  Alt>d  the  useleaan^w  of  the  yok<-  niiil  ttii- 
lOrup,  it  U'iiig  simply  impoiwilil^  to  oscillate;  the  kiiu  niiile  tutDiD);.  The  iraiik  bciiitc 
on  the  ri);lit  niili-,  tlir  puwer  iipplied  to  tiini  it  cnrrici]  the  uuzile  of  tlie  gnu  to  tlif 
right.  In  addition,  the  weight  ou  the  shoiililere  was  o|ii)re8sive,  and  in  giving  great 
i]p|irf8Bion  to  the  muzzle  the  yoke  cnmo  in  contact  Willi  the  crank-handle. 

The  difficulties  in  working  were  somewhat  increitseil  by  the  sticking  of  the  Fniak- 
(onl  nervire  eartridga^.  These  were  muiinfaottirecl  in  Jnnnary  of  this  year,  iind  were 
known  to  utick  even  in  tho  Springlield  riUe.  Other  cartriddps  canRfd  the  gun  to  work 
uiiir<>  satiitfaotorily,  hut  the  triala  showed  conclusively  that  the  oscillation  mnnl  bi- 
■utoointic  or  not  at  nil.  The  second  of  the  two  devices  with  yoke  and  stru|>  iiniitled. 
Iiut  with  the  outer  end  of  the  elevatiiiu-bar  altered  so  a<9  to  form  a  handle,  iH  believed 
Ui  be  the  most  desirable.  This  J^ivcs  eieviition  or  deiiTCHiiion  alone,  but  by  UUL-Iampin^ 
[lie  turn-table  the  gnu  may  be  quickly  pointeil  anit  ugain  claraiied. 

In  A  recent  conveniation  with  Dr.  Gatlinu,  he  gave  it  as  his  opinion  that  the  oscills- 
liou  HhouM  be  )jiven  by  the  t^levattng-bar  alone,  no  better  means  having  been  sug- 
ented,  but  aduiitled  that  it  wonld  re(|Qire  tho  entire  service  of  an  additional  man. 
Even  then  it  is  impracticable,  owing  to  the  lack  of  unity  between  the  power  applie<l 
at  the  end  of  tho  bar  and  the  crank-handle.  Ho  also  proposed  to  limit  the  oHcilhition 
by  a  device  Htmilar  to  that  shown  on  the  margin,  attached  to  the  • 

trail,  and  which  may  be  readily  rotated  so  as  to  receive  a  Ing  o 
Ihn  tnm-table  between  the  screws  A,  A,  the  amplitude  of  the  oi 
I'illstion  beiaft  regulated  by  thfspace  between  the  acren-a,  or  I 
tunieii  down  on  the  trail,  allowing  the  (liece  to  he  pointed  in  an. 
diTeciion.  Tbia,  it  will  beseen,  is  a  partial  return  to  the  automatic  J 
.«cillator.  ' 

lintn  devtsed,  I  suggested  its  combination  with  the  new  method 
uf  giving  the  elev.ition.  This  was  done  by  the  ikitdition  to  the 
■liinag-bloc  k  on  the  elcvatiuu-bar  of  a  swivel,  the  outer  end  of  which  terminati'd  iti 
n  cylindrical  piece  Josl  sntllcieut  to  fill  that  portion  of  the  oscillator  which  ordinarily 
n'<-cives  the  Kunb  of  the  elevutiiig-Berew,  and  by  the  omission  of  the  piece  now  swiv- 
'led  to  tho  block  and  connected  rigidly  with  tlie  cnn,  A  pin  through  the  osfillittor 
Slid  I'ylindrteal  part  of  the  swivel  previ,>nled  the  latfa'r  from  sliding  out  of  its  seat. 
Ily  this  means  the  automatic  oscillation  was  retained  with  all  tho  desirable  fi-atnrcs  of 
lilt'  new  c-lvvating  appnratUH.  and  the  whole  was  found  to  work  fairly.  In  making  ti 
Ken  oscillntor  tho  swivel  part  sboiild  )>c  east  solid  with  it  for  simplicity  and  tbeapncss. 

The  ORci Hating  motion  nciiCHHitates  the  trunnion-swivel  l>eingeiiHt  separate  fniiulhe 
turn-table,  anil,  consifineiitly,  adiiiitu  the  use  of  thosp  now  on  the  camagi'n. 

One  objection  to  the  change  made  at  Hartfonl  is  that  it  reiiuires  calling  in  the  guns 
ill  order  I  liat  the  pii'ce  which  replaces  the  osclllntor  may  be  permanently  fastened  to 
lliem.     They  could  not  then  be  used  on  the  present  carriages. 

As  modified  here,  n  part  of  the  oscillator  not  in  contact  with  the  gun  was  slightly 
■  Itunge^,  but  as  the  oscillator  is  elapsed  as  a  part  of,  and  is  issued  with  the  carriage. 
Ihe  whole  would  be  together,  and  the  gun  could  be  mounted  on  cither  carriage,  olil  or 

The  pri^seut  tripo<l  system,  though  heavier  and  more  expensive  than  the  one  pri)- 
jHised,  gives  elevation,  depression,  and  oscillation  without  mo\-ing  the  legs  of  tlii' 

If  tbesaine  system  were  adapted  to  the  carrifwo,  the  piece  conldbe  quickly  pointed 
H'iiliont  moving  the  trail,  and  tho  elevation  could  be  given  as  rapidly  as  with  the  new 

I  «o  ilil  respnctfiilly  suggest  that  Dr.  Catling  be  invited  to  visit  this  armory  and: 
uitnesH  the  working  of  the  parts  as  modified  liiTe. 
Very  respectfully,  your  obedient  servant^ 

JOHN  E.  GREER. 
Captain  of  Ordnatux,  V.  S.  A, 
Tlic  COXXASDISQ  Officrr, 

A'altanal  .jrmoi'jr. 

[TailoTsemcnt.  | 

Ordsani'B  Office,  War  Drpartmk.st, 

WaehiHgtoK,  September  1.  1^79. 
0  theOnlnnnce  Board  U.  8.  A.,  for  trial  and  report,  and  with 
te  with  the  Qatliug  Ouii  Company  as  to  time. 

S.  C.  LYEORD. 
Acting  CkUf  of  OrriAuunL^lo 
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ITBW     MODEIZ.    GATLING    OnH. 
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APPENDIX  I". 
REPORT  ON  MULTIBALL  CARTRIDGES  FOR  GATLING  GUN. 

(Thirteen  platns.) 

Haetfoed,  Conn.,  September  14,  1878. 
SiB:  \Ve  have  the  honor  to  request  a  trial  of  "Wright's  mnltiball  car- 
tridges in   the  Gatling  gan,  the  accounts  we  receive  iudicatiug  them 
wfll  adapted  for  use  in  a  Gatling  gon  on  specinl  occasions. 
We  have  the  honor  to  be,  with  great  respect,  your  obedient  servanta, 
Gatling  Gun  Company, 
By  EDGAR  T.  WELLES, 

Treasurer. 
Geo.  S.  V.  Ben^t, 

Chief  of  Ordnance,  U.  8.  A.,  WasMngttm,  B.  C. 
[First  indoiseinont.] 
Okdnance  Office,  September  l(i,  1878. 
Respectfully  referred  to  the  Ordnance  Board.    Ten  thousand  of  these 
cartridges  have  been  ordered  to  he  made  at  the  Prankford  Arsenal  and 
issued  to  Lieutenant  Starring.    When  received  please  make  such  trials 
vitU  them  as  will  test  their  suitability  for  use  in  this  gun,  and  communi- 
cate witli  the  writer. 

S.  C.  LYFORD, 
Acting  Chief  of  Ordnance. 
[Second  indoraement.] 

The  Ordnance  Board, 
Xew  York  City,  October  15, 1878. 
Reapectfiilly  letiirued  to  the  Chief  of  Ordnimce,  with  record  of  llrings 
■liable  at  Sandy  Hook,  October  3  and  4,  witli  the  niultiball  cartridges, 
i*nd   target  records  of  same.     (See  Plates  I,  II,  III,  IV,  and  V.)    Du- 
plicates have  been  furnished  Mr.  Welles. 

S.  CRISPIN, 
Bet.  Col.  V.  S.  A.,  Lt.  Col.  of  Ord.,  President  of  the  Board. 


<    Oct.     3, 1878    Wright's  mnHihHll 


ilk't!<    in    encb    riirtrid|[Ui 
■\0it.  >33  gnXas  «wb. 


l.son    Oct.    4,l8I8i.. 


Tursi't  No.  1 : 
Flml «t  lOOyurd  Mrgrt  (600  flrwl  at  renter  oi 
tsre>.'t.  BOO  fiml  eight  tvct  to  left,  4nt  Hw^ 
thlrtwn  rvvt  to  ]•■»,  ud  100  flrtvl  eitiht  ttut 
to  rlfiht  of  ccntor  of  tWKflJ  i  bita,  t.Ml. 

Fired  nt  WO  vsnl  tUfxt  (1,(HKI  flroil  thm  f«Ft 
la riRht of  o-ntfT,  and  1.OO0  I1r«1  direct  t« 
left  of  wnltTiir  Urgeth  hiU.  3.5SS. 

Pli¥d»t25»-™rd"l»re6t(l.»W»Bteaii»6fe*t  tn 
riahtof  rvuK'r.  Hoiri.Dao  Bml  Ave  r»t  tDl«n 
arrentj'rnftWK't);  hltn,  2,3>«. 
TurRct  No.  1: 
Flrnl  Bt  SOO-vanI  tMtmi;  hltii,  I.SII. 
T~™.tr.'o.  Si 

tOO-yud  larKft:  hita,  2.KA. 
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[Tliiivl  iiidorKemeDt.] 

(>i{D>'ANCE  Office,  Octoftcr  17, 1 S7f<. 
Res[)pctfnll,v  referroii  to  tlie  ei)iii)iian<Uiig  ofticer  Frankfunl  Arscnui 
fur  tliu  iiiforuiiitiuii  of  Oapttiiii  Wti^lit. 

S.  C.  LTFOKD, 
Acting  Chief  of  Ordaiinrr. 

[Fourth  indnraemeiit.  ] 

FbANKFORD  ABSF.NAL,  PA., 

October  18, 1878. 
Ro8i)ectfuIly  referred  to  Capt.  E.  M.  Wright  for  his  iiiforiuatiou. 
J.  SI.  WHITTEMOItE, 
Major  of  Ordnance,  Commnnding. 

[Fifth  Iniloncinunt.] 

Fbankford  Arsenal,  Pa., 

Ocb>ber  25, 187S. 
Respectfully  returned  to  the  commanding  oflScer  Fraiikford  ArHeiial. 
Tlie  tai^eta  obtained  at  Sandy  Hook  were  not  aa  gttod  aa  they  ahonld 
Lavet>een.    Exiwriments  condncteil  since  the  trial  there  show  that  al- 
most any  result  e-nn  t>e  obtained  by  varying  the  kind  of  i)Owder  or  tlie 
amount  of  charfre  used. 

In  my  orit!;iual  cxjKiriments  I  uae^l  the  service  Hazard  powder,  jriviiif; 
a  voloi-ity  of  1,320  feet.  At  Sandy  Iluok  the  powder  was  DutKiul's  twr- 
vice  of  I,iSlJO  feet,  and  scattcreil  the  buUets  too  mueh. 

I  inclose  hercwitli  tlirte  tarj^ets  at  lOU,  200,  and  301)  yards  (see  Plate 
VI),  which  are  fVom  25  to  100  jier  cent,  better  than  the  corresjioiidiiifr 
ones  made  at  Sandy  Ilook,  and  would  resjiecti^lly  request  a  further 
trial  with  8ueh  number  aa  the  department  mav  deem  proper. 

E.  il.  WRIGHT, 

Captain  of  Ordnance. 

[Sixth  iudorsemeut.  ] 

Fhankpord  Arsenal,  Pa., 

October  20, 1S7S. 
Respectfully  returned  to  the  Chief  of  Ordnance,  United  States  Army, 
I  see  no  reason  why  the  results  obtained  by  Captain  Wright,  and  re- 
ferreil  to  in  the  preceding  iinlorscment,  cainnot  I>e  re])roduced  at  ui>y 
time  if  desired. 

J.  M.  WUITTEMOKE, 
Major  of  Ordnance,  Commanding. 

[Suvualh  Indunoment. ] 

Ordnance  Office,  October  2S,  1S78. 
Respectfully  retnrned  to  the  Onhiance  Board. 
By  order  of  the  Chief  of  Oi'duauce. 

8.  C.  LYFOIID, 
Major  of  Ordnance. 
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[Eighth  iudorBement. ] 

The  Oedmakce  Board,  October  29, 1878. 
R*.'j*pect fully  returned  to  the  Cbief  of  Ordnance,  reconimeniling  that 
(Juptiiiii  Wright  be  allowe<l  the  a^lditional  trial  dosiretl,  and  that  the 
<-uin  niaiiding  officer  Frankford  Arsenal  be  instructed  to  make  aud  send 
ti>  Saudy  Hook,  for  thia  trial,  10,000  cartridges. 

S.  CRISPIN, 
Br*.  Vol.  U.  S.  A.,  Lt.  Col.  of  Ordnance,  President  of  the  Board. 

[Kiuth  mdorHemi.'nt.]  ' 

Oednance  Office,  October  31, 1878. 
Respectfally  referred  t»  commanding  officer  Frankford  Arsenal,  who 
will  make  10,000  roiiuda  and  send  them  to  Sandy  Hook,  this  paper  to 
be  forwarded  to  the  Ordiian<'e  Board. 

In  the  ne.xt  trial  the  Board  will  determine  the  maximum  distance  at 
which  a  ball,  of  the  multiball  cartridge,  will  be  effective,  and  the  i>ei'- 
ceutage  of  balls  in  the  target  at  the  maximum  distance. 

S.  V.  BENET, 
Brig.  Gen.,  Chief  of  Ordnance. 

[Teutb  indorBeuicnt.  J 

Frankford  Arsenal,  Pa.,  Koi'ember  2.5, 1878. 
Ke-sjioctfully  forwarded  to  the  Ordnance  Boanl.    Ten  thonsainl  nmlti- 
bull  cartridges,  cal.  .45,  Wright's,  will  be  shipiied  by  rail  to  Lieut.  W'.  S. 
Starring,  Sandv  Hook,  S".  J.,  to-morrow. 

JA8.  M.  WHITTEMOEE, 
Major  of  Ordnance,  Commanding. 

[Eleventh  indorsement,] 

The  Oednance  Board  U.  S.  A., 

New  York,  December  30,  1878. 
Resj)ectfully  returned  to  the  Chief  of  Ordnanee  U.  S.  A.,  together 
with  record  of  firings  aud  target  plottings  made  at  Sandy  Hook  Novem- 
Iwr  2a  aud  30.  (See  Plates  Vil,  VIII,  IX,  X,  XI,  XII,  and  XIII.)  . 
The  record  shows  that  uji  to  and  including  300  yards  the  destructive 
effect  is  very  great,  au<l  exceetis  that  obtained  with  canister,  and  is 
more  than  one- half  gi'eater  timu  that  obtained  in  any  mitrailleurs  using 
the  ordinary  amuiunittou.  Three  hundred  yanis  the  board  considers 
the  masimum  effective  distance  for  the  multiball  cartridge,  at  which 
rauge  tliere  were  l,li83  hits  for  the  1,000  rounds  tired,  or  aG^  i>er  cent. 
i)f  hits  for  the  3,000  balls  thi'own.  Of  the  1,083  hits,  only  50  i>er  cent, 
of  the  balls  went  through  the  target. 

S.  CKISPIS, 
Bvt.  Col.  U.  8.  A.,  Lt.  Col.  of  Ordnance,  Frenident  of  the  Board. 


by  Google 


REPORT  OF  THE  CHIEF  OP  ORDSANCE. 


I  ■  N'oT.  29, 1878  I  "Wriclil'i 


l.OW  ,  !fov.  M,  1878  .. 


.-Uun  narked  TcJliluT 
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tn-u  fn-t  In  leK.  nail  301  Ilrad  ruun<-'ii 
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3J  fwt.  niude  oT  1-]dcIi  Hpnofi  bouiU. 
FlrrdDtlSU-yard  tanrcltjruiiowllUtlnE: 
niunbfr  ot  bits  fn  tarect.  1.644:  3U 
Hred  tblrtrpn  fxot  to  lua  uf  rnnlrr.  =M 
Sren-H  tu  Irfl.  280  hIi  fn>t  tarii:lit. 
■nd  140  Ated  tMirteen  trt*  lo  riu'bt  of 
~    tiySS  feet,  made  of  r 

_ ji^hils  m*ti..„,,  „.-...  „. 

fired  nlue  f«>t  to  li>n  of  cenlrt.  MD 
■li  flit  to  rietat  aud  3W  flmi  iiinrirui 
ft'El  tarlafataroentrr:  larei^lSbylU 
fi-vt  nuulp  of  1  likch  apnicv  tmuila, 
Find  atZSa-viinltJTCff:  gun  uH-nUtln!:, 
dudiIht  of  kiU  In  Inruet,  2.II17: 

Tinmiug: 

cent,  not  tbniuDh ;  4W  flml'  twg  fK'I  to 
Un  uf  nnttr anil  ElO fired  alilri ii  fwt 
toridhtofn-nler:  tarai-t.  14  by S2  fn-), 

iniuleof  l-inrbnpnicoboanla. 
PinHlatlM-vardlariCPt:  eun  oarillBlinE. 
BUinUTor  bile  intaixM.  l.l'O;  Wp"  ' 

lIuu)•^  of  1-lui'h  Iprucr  boardai  all  Urvd 
tenf.^'tturtt(bIc.rtFiit«r. 
Flrrd  at  UO-vard  InrRel^  numbn-of  hll* 
In  larai.t.  79S;  3  IH-r  wnt.  tbrunuh: 
tarirrt,  14  by  S2  fr<-l.  nmdcor  l-liu'h 
■prnce  boantaj  all  Bred  aiKbl  feet  lu 
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TARStT  !«  FmI  tong  15  r«el   htjh.  —  DUIanc*  300  YiH». 
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APPENDIX  K. 

REPORT  OF  THE  PRINCIPAL  OI'KRATIONS  AT  ROCK  1ST>AMD  ARREN'AL 
urRISG  THK  FISCAL  YEAR  ENDED  JKNE  30,  1879;  MAJOR  D.  W.  FLAG- 
LEK,  ORDNANCE  DEPARTMENT,  COMMANDING. 

(Nine  plates.) 


An  iron  working  and  flniabing  shop  for  tlie  arsenal. 

DurinfT  the  fiscal  year  the  basement  story  of  this  shop  has  been  bnilt 
and  the  first  story  above  the  baseraeut  has  been  nearly  completed.  The 
iron  beams  for  one-half  of  the  first  floor  have  been  punihased,  and  all 
the  iron  for  the  floor  fitted  and  put  in  position.  All  the  iron  bases 
for  the  first  tloor  and  iron  columns  for  the  first  story  have  been  made 
and  fitted  in  the  arsenal  shops,  and  all  the  iron  beams  for  the  second 
floor  have  been  purchased  and  are  now  being  fitted.  About  one-si^ctb 
of  the  stone  required  for  the  second  story  has  been  purchased,  and  nearly 
all  of  the  expensive  entablature  for  the  third  story  has  been  purchased 
und  is  now  being  cut. 

All  of  the  lumber  required  for  the  building  (except  the  fioors)  has  been 
purchased  and  slacked  for  seasoning,  and  about  one-half  of  the  doors, 
door-frames,  window-snsb,  and  window-frames,  hare  been  made  in  the 
arsenal  shops.  All  of  this  work  has  progressed  satisfactorily,  except  that 
serious  and  vexatious  delays  have  occurred  in  procuring  from  the  Qraf- 
toh  Quarry  Company  sufficient  quantities  of  stone  when  required. 


A  wood- working  and  leather- working  shop  for  the  arsenal. 

This  shop  was  begun  during  the  year.  It  is  the  last  shop  to  be  built 
that  is  included  in  the  plans  for  the  arsenal.  Excavations  for  the  build- 
ing and  for  foundations  were  begun  in  July,  1878.  The  difficulties  met 
in  procuring  suitable  foundations  for  shops  F  and  G,  and  which  have 
been  described  in  previous  annual  reports,  were  again  encountered  in 
]irocuring  foundations  for  this  shop.  Nearly  all  the  foundations  are 
bnilt  on  the  iieculiar,  tough,  indurated  clay  which  has  been  described  in 
previous  rei>orts.  The  examinations  and  trials  of  this  clay  gave  rather 
better  results  than  in  the  ease  of  shops  F  and  (r,  and  the  foundations  are 
satinfactory. 

Tlie  depth  of  the  excavations  for  foundations  below  the  floor  of  the 
basement  averaged  about  VA  feet,  and  extended^  in  all  cases,  3  feet  in 
the  bed  of  clay  described. 

The  bed  of  clay  was  fully  examined  to  determine  whether  it  was  good 
anil  uniform  throughout,  by  drilling  holes  through  it  to  the  rock  below 
iit  intervals  of  about  30  feet. 

The  average  depth  to  the  rock  below  was  about  20  feet,  And  about  30 
fet't  from  the  level  of  the  basement. 

The  foundations  were  made  from  11  to  12  feet  wide  at  the  bottom ;  the 
excavation  in  the  clay,  3  feet  deep  aud  about  11^  feet  wide,  being  wholly 
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filled  with  carefully -raminud  coiiurete.  From  tliotop  of  this  the  foiiiiil:i- 
tioii  Willis  are  built  of  nibble  and  cuiiietit-uiorttir,  batteretl  od  both  aidi's 
till  they  are  5  feet  wide  at  the  level  of  the  basement  floor.  At  this 
lioint  the  I'ootins  stoiieH,  i\  feet  wide,  were  liiid,  and  ou  these  were  hiiil 
the  main  wallt)  of  the  building. 


Surface  of  ground. 


The  unfllled  part  of  the  excavation  between  the  nibble  walla  and  the 
bank  was  then  filled  with  the  clay  that  had  been  excavated,  which  was 
well  rammed  to  protect  the  walls  from  water.  The  bed  of  clay  is  itsull' 
imi>ervious  to  water,  and  the  excavation  in  it  being  tilled  with  rammnl 
(concrete,  the  bottom  of  the  fouudatiou  is  thomnghly  protected  from  tliu 
action  of  water.  The  foundations  for  the  T(i  Hoor-piers  are  of  the  same 
chanicter,  and  were  bailt  iu  the  same  way.  They  are  generally  llj  fetl 
sqnare  at  the  bottom. 

The  total  amonnt  of  ma«our>'  iu  the  fomidations  {below  the  basement 
floor)  iu  this  building  is  5,574  cubic  yanls,  at>ont  8»  per  cent,  of  the 
amount  in  the  walls  above  ground.  The  foundatioas  are  all  laid  iu 
cement- mortar,  and  cost  9'2.3S  per  yanl.  The  stone  was  dug  from  the 
piles  of  earth  and  rock  taken  out  of  the  water-power  eaual  some  years 
ago.  It  was  terried  across  (he  w»ter-iK>wer  pool,  and  bauleil  to  the  bnilil- 
iug  iu  wagouB  at  a  cost  of  5G  cents  |>er  yai-d,  about  22  cents  i>er  ton. 

Derricks  and  new  ineebanical  devices  were  employed  to  lessen  the  tost 
of  putting  in  the  foimdations,  and  the  cost  of  the  work  is  exceedin^l.v 
low. 

Plate  I  shows  all  the  excavations  and  foun<lations  as  cuustructeil, 
and  iiositious  and  depth  of  some  of  the  borings  ntade  to  exaiuiue  stiaui 
below  tlie  foundatious. 

The  stone  required  for  the  walls  of  this  buililing  is  brought  from 
Anamosa,  Iowa,  and  is  furnished  by  Mr.  J.  A.  Green  under  contraul- 
This  stone  hatj  already  been  used  in  the  construction  of  one  set  of  quar- 
ters, and  the  Post  building,  on  Main  avenue ;  but  was  not  atlojite^l  t't>r 
this  shop  until  after  very  careful  test«  bad  been  matlc,  aud  trials,  ex- 
tending  through  several  years,  to  determine  its  durability  when  exposed 
to  wat^ir,  ti-ost,  aud  the  weather. 

It  coincitles  closely  iu  apitearauce  with  the  stone  used  in  the  other 
shops,  is  believe<l  to  l>e  more  durable,  aud,  although  less  handsome  u  lieii 
new,  the  thick  ledges  used  giro  a  more  nmssive  ap{>eanince  to  the  walls; 
and,  as  the  stone  grows  brighter  witli  exposure  aud  age,  it  is  belieMtl 
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that  it  will  make  as  handBUtne  a  building  as  any  of  the  otliera.    The 

[irice  ]»aid  is  a  low  one,  and  the  atone  can  be  cut  clieaper  than  the  Joliet 

stunt'  iise^l  in  the  other  ahoits. 
Tlic  stouo  has  been  funiUhed  promptly  and  satistUctorily,  and  work 

ori  tlio  building  has  progreased  rapidly  as  far  aa  the  limited  appropria- 

tiun  would  permit. 

Ite.-<ide8  the  completion  of  the  excavations  and  foundations,  tlie  base- 
ment story  has  l>een  built  entire;  the  iron  beams  for  the  first  floor  pnr- 
oliaseil,  fitted,  and  put  in  plat* ;  the  cast-iron  bases  tbr  the  first  floor 
i;iMt,  fitted,  and  put  in,  and  about  one-half  the  stone  for  the  first  story 
Las  been  purchased,  cut,  and  prepared  for  setting.  The  coat  of  the  por- 
tion of  this  building  completed  at  the  present  time  has  been  al>ont  one- 
lialf  the  cost  of  the  same  amount  of  work  on  other  buildings  seren 
jears  ago. 


All  iron-fonndery  shop  for  the  armory. 

This  shop  was  also  be^un  during  the  year.  It  is  the  last  shop  but 
one  (K  not  begun)  included  in  the  plans  for  the  armory.  Excavations 
for  the  building  and  the  foundations  were  commenced  in  August,  1878. 
The  excavations  for  the  building  have  been  completed,  and  the  excava- 
(i(nis  for  foundations  of  about  two-thirds  of  the  walla  completed  and 
tlie  foundations  put  in. 

Plate  II  shows  this  work  fully.  The  character  of  the  strata  exca- 
vated, the  foundations  obtained,  and  method  of  conatructing  them  are 
alK»Ht  the  same  for  nesirly  all  of  tlie  buildings  as  in  shoj)  I,  just  described, 
and  further  description  of  them  is  unnecessary. 

In  the  plat  of  the  building,  the  flili  black  line  shows  the  foundations 
that  have  been  pat  in;  the  dotted  line  shows  the  parts  that  have  not 
been  put  in. 

A  apecial  description  is  required  of  the  difficulties  encountered  in 
getting  suitable  foundationa  in  the  part  marked  6  o  on  the  plat, 

Tliere  was  a  pocket  in  the  rock  at  this  point,  similar  to  those  found 
niider  shops  !>  and  G,  described  in  annual  reports  for  the  fiscal  years 
ending  June  30, 1872  and  1878,  This  new  pocket  was  deejier  and  the 
difticultiea  which  had  to  be  overcome  in  getting  secure  foimdations  were 
more  serious  than  in  any  prerions  case.  This  pocket,  and  the  form 
aii<l  dimenaioiis  of  the  excavation,- in  the  direction  of  the  walls  of  the 
building,  are  shown  at  b  p  on  the  geological  chart.  Siwcial  draivings 
on  a  larger  scale,  Figures  2  and  3,  show  more  fully  the  form  of  the  ex- 
cavation and  the  masonry  put  in. 

The  total  depth  of  the  excavation  below  the  basement  floor  was  02 
feet,  making  the  total  depth  from  the  snrface  of  the  ground  07  feet. 

Tlie  strata  passed  through  were  generally  a  soft,  unstable  mixture  of 
clay  and  various  earths,  alternating  with  loose  masses  of  rock,  and  in 
some  places  points  of  poor,  solid  rock  projected  into  the  excavation. 
The.se  last  had  to  be  removed  even  when  sound,  to  permit  putting  in 
secure  sheathing,  and  al.so  to  permit  hoisting  out  the  materials  exca- 
vated bi'low.  This  could  be  accomplished  only  by  drilling  and  wedging, 
as  blasts  could  not  be  used  without  destroying  the  sheathing.  The  same 
means  had  to  be  employed  in  breaking  up  the  loose  masses  of  rock  into 
fragments  that  could  be  hoisted  ouL 

A  great  difficulty  was  to  construct  sheathing  of  sufficient  strength  to 
reMi«t  the  pressure  of  the  loose,  aliding  masses  of  rock  that  were  passed 
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in  KoiDg  down.  It  would  occur  that  where  tliis  pressure  was  greatest, 
there  would  be  little  or  nothing  in  the  opposite  bank  to  resist  it. 

The  ooze  or  wash  of  the  soft  clay  through  the  sheathing  sometimes 
left  vacant  places  behind  the  sheathing  till  caving  in  filled  them  up. 

After  passing  below  the  water-level  of  the  river,  the  inflow  of  water, 
which  seems  to  make  its  way  through  passages  in  the  rock,  was  very 
great.  Steam-pumi>N  were  used,  but  only  siuall  pumps  could  be  iutcom- 
modated  because  of  the  small  spaues  among  the  sheathing  timbers  and 
the.  necessity  for  shiftiug  and  lowering  them,  aud  refitting  pipes  tit'- 
quently. 

The  sand  pumped  through  them  cut  the  cylinders  and  destroyed  the 
packiug  80  quickly  that  the  latter  required  renewing  generally  evcrj' 
day.  From  oue  to  three  small  steam-pumps  were  employed,  and  one  or 
two  kept  at  work  constantly,  discharging  geuerally  about  ISO  gallons 
per  minute. 

The  men  that  were  digging  had  generally  to  stand  in  from  one  to  two 
feet  of  water.  The  materials  were  hoisted  out  by  steam-power.  Good 
sound  rock  foundation  was  finally  obtained. 

The  masonry  put  in  is  partially  shown  in  Figures  2  aud  3.  It  was, 
generally,  alternate  layers  of  couci-ete  and  good  Joliet  rnbble-stoue  ma- 
sonry, tied  together  in  places  with  large  footing  stones.  Tlie  ma.sonr>' 
was  further  supported  in  places  by  arches  butting  into  solid  rock  at  the 
sides. 

Seven  weeks  were  consumed  in  excavating  and  filling  this  p<tcket, 
and  402  cubic  yards  of  masonry  were  used.  The  pumps  were  used 
while  putting  in  the  masonry,  yet  much  of  the  concrete  had  to  be  laid 
in  water.  Gangs  of  men  were  employed  at  night  aud  oat  of  woikiii;; 
hours  a  jjortion  of  the  time.  Much  creilit  is  due  to  Mr.  W.  A,  I*.  Totteii, 
foreman  of  laborers,  who  had  charge  of  the  excavation  and  sheatliinff. 
and  to  Sir.  Robert  McFarlane,  who  put  in  the  maaonrj',  for  the  ability, 
good  sense,  aud  devotion  to  the  work  displayed  by  them. 

A  total  of  4,G47  cubic  yards  of  masonry  was  put  into  the  foundations 
of  this  shop,  and  about  one-third  of  the  foundations  and  all  the  piers 
have  yet  to  be  i>ut  in. 

The  other  work  done  on  this  building  has  been  the  purchase  of  about 
one-half  the  stone  required  for  the  basement  story.  This  stone  has  been 
cut  and  about  one-half  of  it  set  in  the  walls  of  the  west  wing.  A  w>u- 
tract  for  the  stone  was  made  with  Mr.  Edwin  Walker,  of  Lemont,  111. 
The  stone  in  Mr.  Walker's  quarries  is  precisely  the  same  as  the  Joliet 
8tone  used  in  the  other  shops.  Mr.  Walker's  shipments  of  stone  were 
very  dilatory  aud  unsatisfactory  till  in  May,  1879,  when  he  commem-ed 
procuring  his  stone  from  Messrs.  Sanger  &  Moody's  quarries,  at  Joliet, 
IIL  The  latter  parties  have  shipper!  the  stone  promptly,  of  excellent 
c(uality,  and  in  quantities  as  required.  The  Chief  of  Ordnance  has  now, 
by  authority  of  the  Secretai'j-  of  War,  directed  that  Mr,  Walker's  con- 
tract be  annulled,  and  that  a  new  contract  be  made  for  the  ensuing  ycnr 
with  Messrs.  Sanger  &  Moody. 

MACHINEEY  AND  SHOP  FIXTURES. 

The  principal  work  done  under  this  head  (hiring  the  year  has  been— 
let.  The  completion  of  the  machinery  aud  fixtures  ui  shop  F  {tlje 

armorv  rolling-mill),  a»per  siiccial  authority  of  the  Chief  of  Onlimnte, 

dated  "February  2.5^  1878. 

2d.  The  completion  and  erection  of  the  experimental  and  tenipoitn^' 

line  of  wire-rope  transmission  of  power  to  a  portion  of  the  arsenal  si"'!"'! 
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for  use  pending  the  constrnction  of  the  rest  of  the  »hop3,  aiid  the  com- 
pletion and  putting  in  of  water-wheels,  pen-stocks,  and  machinery  at 
the  water-power  dam. 

34I.  The  main  lines  of  shafting  for  the  first  and  second  stories  of  shop 
A,  hitve  l>een  manufactured  and  ])ut  up — four  lines  of  300  feet  ea«h. 

Most  of  the  niachiuery  and  fixtures  for  tlie  rolliug-mill  had  hecu  pur- 
cbasexl  and  manufactured  during  the  preceding  year,  but  as  very  little 
of  it  had  t>een  put  in,  no  rei>ort  upon  the  same  was  ma<le  in  my  last 
animal  report.  These  fixtures  and  their  machinery  are  shown  on  Plate 
III,  transmitted  herewith. 

The  boilers  are  divided  into  two  batteries  of  two  boilers  each,  and 
the  details  of  the  plant  are  shown  on  Plates  V,  VI,  VII,  IX. 

The  boiler  iixmts  and  all  the  fittings  and  fixtures  were  manufactured 
in  the  arsenal  sliops.  The  four  boilers  are  each  18  feet  long  and  44 
inches  interior  diameter,  with  22  4-inch  diameter  tubes.  They  are  made 
of  i-inch  U.  8.  iron.  The  iron  was  manufactured  in  Pittsburgh,  Pa., 
but  was  purchased,  inspected,  and  tested,  and  the  boilers  made  here. 
They  are  calculated  to  have  sufBeient  steam  cf^pacity,  at  80  pounds  press- 
ure, to  furnish  steam  for  250  horHes  power,  in  first-class  engines,  cutting 
oil' at  i  stroke,  and  the  plant  and  all  its  fittings  are  the  very  best  that 
couhl  be  built.  The  engine  is  a  single  horizontiil  non-condeusing  engine, 
wrtli  the  Bartlett  automatic  cut-off,  made  by  the  Putnam  Machine 
Company,  at  Fitchburg,  Mass.,  and  hiis  200  horses  power,  with  $0  pounds 
pres-sure,  cutting  otf  at  ^  stroke.     (See  Plate  IV.} 

The  countershaft  c,  on  Plates  III  and  IV,  is  a  jiart  of  the  maiu  line  of 
armor}'  shafting,  which  is  to  be  driven  eventually  by  the  water-power. 
(See  main  line  M'  K'  on  Plate  I,  aecompanying  my  special  report  on  ma- 
chinery for  water-power  and  transmission,  sent  to  the  Chief  of  Ordnance 
April  8, 1874.)  This  arrangement  is  to  permit  the  nse  of  the  engine  to 
aid  the  water-power  or  to  permit  the  use  of  the  engine  to  run  any  of  the 
armory  shops  alone  when  the  water-power  may  not  be  in  nse.  The 
engine  should  furnish  alone  sufficient  power  for  the  manufacture  of  about 
50U  muskets  per  day. 

Tlie  train  of  rolls  is  a  14-inch,  two  high  train  adapted  to  the  man- 
nfactnre  of  ordinary  forms  of  bar-iron  required  for  ordnance  imr2)Ose8 
&01U  the  wrought  scrap  that  may  accumulate  at  the  arsedal  fi'om  time 
to  time. 

The  fomace  {marked  /on  Plate  III)  is  of  special  pattern,  and  is  ar- 
ranged to  bum  its  smoke.     It  is  driven  by  a  fan  located  at  g. 

The  5,000  pounds  steam-hammer,  located  at  h,  is  adapted  for  "shing- 
Ung,"  and  making  hammered  blooms,  in  connection  with  the  mill,  for 
the  manufacture  of  special  high  grades  of  iron,  from  scrap,  for  ordnance 
purposes.  It  is  also  adapted,  in  connection  with  the  furnace,  to  the 
manufacture  of  any  heavy  forgings  that  the  probable  thture  wantx  of 
the  government  may  ever  require  at  this  place,  and  especially  to  the 
maimfacture  from  scrap  of  the  large  qnantities  of  heavy  and  ex])eusive 
shafting  required  for  the  shops  and  transmission  of  power,  some  of  which 
are  9  inches  diameter. 

The  shear  is  marked  h  on  Plate  III.  It  is  a  second-band  alligator 
shear,  procured  at  about  the  price  of  old  scrap,  and  is  specially  adapted 
to  cuttiug  up  scrap  and  bar  for  piling  for  the  mill,  but  has  sufBeient  jKtwer 
for  cutting  gun-caniage  axles  and  any  heavy  job  work  that  future  oper- 
ations of  tiie  arsenal  may  require. 

The  saw,  marked  m,  on  Plate  III,  is  for  cutting  large  bar  hot.  It  was 
made  at  the  arsenal. 

an  abont  four  weeks,  durinir  which  timi.  _, , 
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of  T  rail,  25  poiinds  per  yard,  were  miMle  from  miscellaneous  scrap  for 
immediate  nse  fur  derrick  and  tram-tracks  iii  the  coiistmctioti  of  tin- 
tiliops,  and  is  adapted  for  permanent  tram-tracks  required  in  and  almnt 
the  sliops  in  the  fliture;  11,0(H)  potinds  of  ordinarj'  ronnd  hih;  rtHjnini) 
for  general  use  in  connection  with  bnilding  operations,  and  lli,l>(Ht  iH>iin<ls 
of  round  bar,  miscellaneous  sizes,  of  a  higli  gnide  of  baminereil  blooni- 
iroD  from  selected  gnn-carriage  and  old  horseshoe  scrajv-for  the  roof 
frame  of  shop  G.  The  testa  of  this  latter  iron  were  very  satisl'uctorj', 
and  ehow  a  better  quality  for  the  purpose  re4]uired  than  any  the  govem- 
nient  has  been  able  to  ]mrchase  for  the  same  purpose.  The  reHiilts  of 
the  tests  for  permanent  set  and  elasticity  of  one  averHge  bar  are  k'^'ph 
below : 


From  horgeaioe-bloom,  liai» 


Samplr  No.  4. 
ici-td,  cooled,  rehealcd,  and  rolled  dii-ecl  lo  l-incli  round. 

DlMnpUr  or  wnnpK  O.TBR  iDch,    Kunling  t 


.rra.  U.ifK  id 
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0.110  M 

31^000 

aiMH) 

32,0OD 

oioaM 

o>5e 

33,000 

T.OOU 

O.UO  32 

34,000 

0.  WKii,-; 

T,5D0 

10327 

0.  00018 

R.1KKI 

0.024'. 

o!  00104 

ftOO  liO 
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8,00« 

0.00  TO 

20.000 

'6.2m 
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0.00320 
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0,3B8 

O.3S0 

0.00  30 
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T>lAiiiet«r  of  fncturi 


Notes. — The  readings  show  that  the  restoration  was  not  quite  per- 
fect between  23,0U0  [lounds  and  36,000  pounds  i>er  square  inch.  I  liud 
it  not  possible  to  avoid  slight  errors  in  using  the  gauge,  and  the  princi- 
pal source  of  error  is  a  slight  abrasion  of  the  iron  of  the  sample  by  re- 
treated rubbing  pressures  of  the  steel  gauge.  This  is  so  slight  as  to  he 
an  unimportant  error  in  the  extensions,  but  may  be  sufBeient  to  show 
an  imperfect  restoration  and  a  alight  permanent  set,  when  the  restora- 
tion was  perfe<5t  and  no  permanent  set  occurred. 

In  this  case  stretch  indicated  at  23,000  pounds  was  only  ttj/o-ob  of  an 
inch  in  one  inch  of  length,  and  at  36,000  had  only  increased  to  TriiSv;- 
Even  if  this  or  a  portion  of  it  is  not  due  to  the  abrasion  mentioned, 
tlie  stretch  is  so  slight  as  to  show  that  no  injury  was  done  to  the  iron 
until  appreciable  permanent  set  occurred  at  3li,0f>l)  pounds,  and  shows 
an  iron  of  very  remarkable  elasticity. 

The  record  also  shows  a  remarkable  uniformity  in  the  increase  of  the 
extensions  and  restorations  as  the  load  was  increased.    From  7,000  to 
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ll,lKH)  pouuds  (on  the  sample)  the  Increase  of  extension  is  exactly  -,-J-tl^,^i 
hr  every  increase  of  1,000  pounds  of  loaii.  Froca  11,(H)»  to  1J,OUO 
f>onii(l3  it  is  exactly  ts^co  for  every  increase  of  500  ponnds.  Aft«r  that 
the  increase  is  less,  bnt  perfectly  regnlar,  till  the  sample  began  to  stretch 
aii<l  give  way  at  18,000  pounds  (about  30,000  pounds  per  square  incli), 
The  restorations  aud  slight  iudicatetl  stretch  are  quite  as  uniform. 

A  sample  from  this  same  b»r  was  heat«d  by  a  smith,  bent  back  on 
itKClf  and  welded,  then  chilled  suddenly  in  cold  water,  and  the  welded 
bar  1  inch  square  was  then  bent  double,  cold,  and  hammered  flat  without 
Slacking. 

The  water-wheets  and  water-power  machineiy  put  in  and  the  tem- 
|)orary  line  of  wire-rope  transmission  put  up,  were  ma^le  exactly  in 
accordance  with  the  phins  and  dra\vings  sent  to  the  Chief  of  Ordnance 
A|)ril  8,  1874,  with  the  special  report  on  machinery  for  the  water-power 
ituil  transmission.  As. the  experience  gained  in  the  nse  of  this  line 
should  be  included  in  a  revision  of  the  above  report,  to  be  made  here- 
after, no  report  of  it  is  made  here. 

Four  water-wheels  with  all  the  necessary  appointments,  pen-stocks, 
lifluses,  and  machinery'  were  put  in,  and  the  water-wheels  and  machinery 
and  the  whole  line  of  transmission  were  manufactured  in  the  arsenal 
sliops. 

The  fonr  wheels  furnish  about  250  horses  power.  The  work  was  com- 
pleted and  the  line  of  transmission  attached  to  arsenal  shops  C  and  B, 
Fehruary  1, 1879.  Since  that  date  the  shops  have  been  driven  contin- 
uously by  the  water-power,  except  during  one  week  in  April,  when  the 
wire  ropes  were  shortenwl  and  re-spliced  to  take  out  their  first  stretch. 

Both  the  water-power  and  the  transmission  have  been  satisfactory-  in 
all  respecta,  and  have  furnished  abnndant  and  excellent  power. 

The  four  main  lines  of  shafting  put  in  pliop  A  are  each  300  feet  long, 
and  are  all  cold-rolled  iron.  Two  of  these  are  in  the  first  storj'  and  are 
■i  inches  in  diameter,  and  two  are  in  the  second  story  and  are  2^  inches 
ill  diameter.  These  were  finished  and  fitted  in  the  arsenal  shops,  and 
till  the  bangers,  boxes,  couplings,  and  other  fixtures  were  made  in  the 
arsenal  shops.  The  patterns  of  these  fixtures  are  the  same  as  those  in 
shop  C,  drawings  of  which  wei-e  sent  to  the  Chief  of  Urdnance  with  my 
annual  report  for  the  fiscal  year  ending  June  30, 1874,  except  that  the 
boxes  have  been  altered  to  make  them  self  oiling,  and  arrangements 
i«lde<l  to  remove  surplus  oil  and  gum  from  the  shaft,  and  carry  them  to 
the  oil-cistern.  The  patterns  of  all  these  fixtures  are  new  an»l  were  de- 
vised here. 

ROCK  ISLAND  BBIDOE. 

Beside  the  ordinarj-  repairs  of  the  bridge,  a  new  floor  for  the  wagon- 
road  has  been  put  on  the  bridge  during  the  year.  This  work  was  begun 
May  5  and  completed  June  4, 1879.  It  was  a  more  difficult  work  than 
was  anticipated. 

Examinations  of  the  floor  timbers  made  two  years  ago,  when  the  esti- 
mate for  the  work  was  made,  showed  a  portion  of  the  timbers  to  be  in 
good  condition,  but  when  the  floor  was  torn  up  all  were  found  lo  have 
deteriorated  more  or  less,  and  although  one-half  of  them  might  have 
remained  serviceable  many  years,  the  cost  of  tearing  up  to  take  ont  a 
timber  in  the  future  wonld  have  been  so  great  that  I  deemed  it  wise 
economy  to  take  them  all  out  and  put  in  new  timbers  throughout. 

The  sidewalks  were  also  renewed.  The  floors  of  these  are  now  laid 
nith  3-iucb  pine  plank.  The  floor  of  the  roadway  is  laid  with  4-incli 
white-oak  plank. 

..ooglo 


208        REPOET  OP  THE  CHIEF  OF  ORDNAXCE. 

Much  care  was  taken  to  procure  good  eonnd  lumber.  The  total 
amouut  used  was  111,000  feet  of  oak  and  17^,000  feet  of  pine. 

I  had  Loped  to  be  able  to  arrange  tlie  work  ao  that  the  bridge  conld 
be  opened  to  the  public  at  night  while  the  work  was  in  progress,  but 
this  was  found  to  be  impossible.  The  difiiciiUies  attending  pushing  the 
work  rapidly  to  lessen  the  time  that  it  should  be  closed  were  serious 
and  added  somewhat  to  the  cost.  From  SO  to  70  men  were  employed  on 
the  work. 

Some  slight  changes  were  miide  in  the  iron  tramways  to  make  them 
more  convenient,  and  in  the  Hoors  to  give  better  ventilation  around  tlie 
timbers  and  save  them  from  rotting.  Also  the  arrangement  of  floors 
and  coverings  of  the  bottom  chords  of  the  bridge  was  changed  to  lire- 
vent  the  retention  of  water  on,  and  the  rusting  of  the  iron  work,  as  well 
as  to  give  a  better  appearance  to  the  bridge. 

A  statement  of  teams  and  i>erson8  crossing  the  bridge  during  the  year 
is  appended  and  marked  A. 

A  statement  marked  B  is  appended  hereto,  showing  the  stages  of 
water  in  the  water-power  pool  and  tail-races,  aud  the  bead  of  water  at 
tlie  two  dams  during  the  year.  The  power  has  been  good  throughout 
the  year. 

A  statement  marked  C  is  appended  hereto,  showing  fabrications  and 
other  work  done  on  ordnance  and  ordnance  stores  during  the  year. 


APPENDIX  A. 
Ab»lriKt  of  reeorit  kept  ai  tkt  Rode  Inland  bridge  during  Hit  year. 

PA8RINO  KORTH. 

EaKinen  with  tmina 4,559 

Bnpiiua  witbnut  trains 11!* 

Tolal  euginoB 4.571^ 

Passengpr-ciu^ 6,309 

FreigLt-cai:8 91.195 

Foot-nasBengera 172, 6SJ 

Tedms 130,209 

Steambnats 9IS 

Barge* aia 

PABSIMO  SOUTH. 

Engine*  with  trains 4,5(W 

Eiiginos  without  troius 1^ 

Total  engines 4,691 

Pai«H)nger.-cara .- . .. 6, 31S 

Freight-tftra 91.a99 

Foot-passongeis . . . . . . .......... 172,6*^3 

Teams 119,1* 

8t«aniboats iWb 

Barges Itf 

Eafta 491 
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CB.) 
Record  of  »tagt»  of  water  at  site  of  icatfr-pomer. 


Jqly. 

1 

Aogniit. 

, 

n 

1 

f 

Ji! 

1 

t 

1^ 

1 

1 

^  ■ 

fl 

■  1 

H 

II 

9  . 

II 

1 

II 1 

It 

h 

Si 

li 

.    ,      2 

i 

ill 

|S 

^1  t 

§ 

°Ie 

Is 

■33 

1         -' 

=3 

&30 

g 

F  ^ 

^ 

P^ 

1 

8.30 

11 

i    * 

u 

8.30 

ft 

1    s 

(2 

a 

-. '»» 

(LM 

soi   & 

0 

8.M 

8.30 

8.30 

l'^!l 

^m.|    .. 

a.m. 

».m. 

1....;   iLio 

*.»0-|- 

~K 

11.  ts 

"Tm" 

i    85  1     12 

00 

4.90 

7  10 

12.20 

4.(0 

7.80 

*.*H- 

170 

80  1     11 

90 

2.0s 

445 

80 

4.80+- 

7.00 

.00 

SO 

!■■■-.   '] 

20 

*,«o- 

ii:« 

3!  05 

80        11 

4.80H 

8.90 

20 

*.  80- 

8.50 

SO  ■     11 

:9s 

2D 

7.75 

i.SO 

tta) 

90        11 

4!  90 

a!  80 

,90 

7.90 

B.10 

3.30 

8!oo     11 

8.90 

.80 

B.IO 

4.80 

90 

7:88 

l^.j     10.70 

4!efr 

8.00  .     11 

8^80 

^80 

SO 

7.80 

1...    ia70 

*,w 

2.  DO 

4!  80 

7.» 

10.  w 

2.70 

4,80- 

7.9S 

&30 

s;:i::  liM 

4  80+ 

ia.7B 

95]     1( 

4!80- 

i:!a) 

ioo 

s'.ia 

.06 

3.05 

8.0* 

»!:::  US 

&M 

4.80 

0.90 

a9a 

3.00 

7.9t 

«,») 

(.90 

13.  ao 

a!  70 

90        H 

70 

0.90 

0.80 

290 

7.9* 

13.80 

2T5 

1.0* 

!...'    U.45 

&80 

(Let 

13.  U 

&70 

90        1< 

s!eo 

!S5 

200 

s.ot 

1—    12.90 

«.« 

e,fio 

ia.os 

0.20 

9.80       H 

M 

4.80- 

5.80 

0.80 

2«0 

lO* 

0.70 

S.95 

0,95 

3.80 

T.7B 

i;;i:i  iziS 

&3a 

.75 

280 

7.9S 

a,...   iLM 

iS5 

«.*5 

flloo     U 

0.90 

7.30 

a....    iLM 

.80 

3.00 

7.8» 

»....      ILW 

&S0 

2.80 

7,  80 

l.-.J    1L70 

B.gS 

fl.t5 

5!  40 

2.00 

8.95 

......    ILTO 

4.804-.      6.W 

X-Jd 

2.8r< 

T.9S 

T-...     1L» 

i.eo 

II  10 

790 

B...     12. 

4,  w-  -     t!  ») 

4.80-1 

7  M 

»....'    13. 

ia.4o 

70        1 

1,  BOH 

•ilM 

7M 

»-...     13.  IS 

12,35 

4.  BOH 

2.0'i 

7, 89 

11....,    lllO 

fi.10       7:00 

«L30 

1.70 

7.80  :      9 

80 

4.80^ 

'" 

9.70 

2.i» 

b,  Google 


EEPOET  OF  THE  CHIEF  OF  OHDNANCE. 

(B.) 

Secord  of  alaget  of  water  at  Hit  of  uiater-poaer — Continnod. 


IBTS. 

October. 

^ 

■?l 

1 

9 

|i 

■i 

Is 

1 

'. 

u 

1 

a 

II 

li 

f' 

II 

t 

ll 

li 

\ 

II 

4 
i 

ri 

1 

^^ri 

?>■ 

•B^ 

? 

ISl 

K 

-'I 

■3 

SAfl 

■* 

V 

■- 

•s 

«.») 

.^ 

a.  30 

0.30 

0.30 

0.30 

0.80 

ftSO 

0.30 

0.30 

a.  30 

(ISO 

h 

■.!». 

..Ul. 

-.Ul. 

"■■"■ 

im. 

km. 

, 

4.M 

•.» 

LOO 

g.00 

0  00 

4.80. 

0.40 

B.SO 

S.O0 

&eo 

.80      0.80 

fi.fiO 

mo 

«.lo| 

4.ao 

.80 

0.00 

11.00 

4.80- 

t% 

« 

11.10 

4. 80+ 

&30 

5.40 

•NonadlugaoouldbeUkenat  "Pooliit  Syl 

Btitea  dam  "  rrom  September  14  to  October  31 
peD-«t«:ki,  lie. 


coffered  out  bypoltiii^' 


by  Google 


REPORT  OP  THE  CHIEF  OP  ORDNANCE. 


Beeord  0/  »Uigt»  of  tauter  at  Ma  of  (raln-^poim^-CoiitiDDed. 
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Seeori  of  tiagm  of  toattr  at  $U»  of  waitr-potetr — CoDtinaed. 
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APPENDIX  L. 

PROGRESS  KEPOKT  ON  THE  ARTESIAN  WETX  AT  BENICIA  ARSESAL 
DURING  THE   FISCAL  YEAR   ENDED  JI:NE   30,  1973,  LIEUT.  COL.  J. 

McAllister,  ordnance  department,  commanding. 

Genebal:  I. have  tbe  honor  to  report  that  the  work  of  siDking  an 
artoHiac  well  at  this  arsenal  has  been  prosecuted  duriag  the  past  year 
as  far  as  practicable,  congideriag  the  appropriation  made  by  the  first 
spssion  of  the  Forty-fifth  Congress,  and  the  fact  that  no  appropriation 
was  made  for  this  nndertaking  by  the  second  session  of  that  Coagress^ 
nor  by  the  extra  session  of  the  new  Congress. 

Tbe  present  report  is  the  sixth  on  this  subject,  and  the  date  of  the 
liMt  one,  August  14,  1877,  shows  that  two  years  have  elapsed  since  I 
wrote  you  in  reference  to  this  matter,  and  the  question  whether  the  peo- 
ple on  this  coast,  failing  to  secure  surface  water,  can  procure  by  bming, 
good  artesian  water,  is  still  unanswered.  This  is  a  matter  of  great 
moment  to  all  the  residents,  manufacturers,  ranclieros,  and  even  to  the 
land  speculators  and  flnanciers  who  reside  here  or  are  interested  in  the 
|in>s])erity  of  the  States  west  of  the  Rocky  Mountains.  No  person  on 
this  coast  has  yet  obtained  artesian  water,  nor  has  any  individual  or 
mmpuny  iKtred  to  the  depth  which  has  been  reached  by  the  well  at  thia 
atsenaL 

All  estimate  of  $6,705  was  asked  for  in  July,  1876,  but  Congress  only 
api»ro(>riated  $5,0(>Ufor  continuing  this  work  during  ttiefiscal  year  emliog 
•lane  30, 1877.  The  above  estimate  was  based  on  the  experience  gained 
in  prosecuting  this  nndertaking  during  former  years,  but  as  the  well 
deepened  the  expenses  to  be  incurred  increased  with  a  ratio  which  was 
uDt  fully  appreciated  at  the  time  the  estimate  was  made,  and  the  action 
of  Congress  in  decreasing  the  sum  estimated  for  by  the  amount  of  $1,703 
of  coarse  added  to  our  embarrassments.  The  work  was  discontinued  at 
thecadof  April,  1877,  for  want  of  funds,  leaving  the  well  1,407  feet  deep< 
If  money  could  have  been  obtained  at  that  time  to  continue  boring,  the 
SDcceiis  of  sinking  an  artesian  well  at  this  post  deep  enough  to  obtain 
pure  water  would  most  probably  have  been  wn/ait  a4xompH. 

A  work  of  this  character  should  be  continuous,  if  it  is  to  be  (jon- 
ducted  with  any  reganl  to  economy,  especially  while  we  are  using  tha 
Mine  diameter  of  pipe  to  line  the  walla  of  the  well.  The  time  employed 
at  the  well  shonld  constantly  be  increased  until  the  work  is  proseeated 
*lay  and  night;  for,  as  the  length  of  pipe  is  increased  the  danger  of  its 
Woming  immovable  in  the  well  is  also  iucre.ased,  and  it  is  only  by  keep- 
ing it  moving  that  this  can  be  avoide<l.  The  7-inch  pipe  aa  it  is  forced 
into  the  well,  for  exery  inch  of  depth  presents  a  snrface  of  22  square 
iDtheit  to  adhere  to  the  walls  of  the  well,  and  the  friction  between  the 
ontHide  surface  of  the  pipe  and  tbe  walls  of  tbe  well,  increases  propor- 
tionally. While  work  is  continued  day  and  night  no  diftlculty  in  mov- 
'"B  llie  pipe  is  experienced  provided  the  well  wall  is  true,  but  when  a 
I'ear  is  allowed  to  elap.se  between  the  time  of  stopping  and  resuming 
*ork,  a  silicate  incrusts  the  outside  of  the  pi|ie  and  glues  it  to  tbe  walls 
ol  tlie  well,  so  that  it  has  to  be  all  taken  up,  as  it  cannot  be  moved 
downwards,  and  to  effect  this  portions  of  it  have  to  be  wrenched  ftviu 
'he  sides  of  the  well. 


216  REPORT  OP  THE  CHIEF  OF  ORDKANCE. 

As  m  mHCh  time  has  elapsed  siQC«  my  last  report  was  rendered,  a 
sammnry  of  the  condition  in  which  tlie  well  was  left  when  work  on  it 
was  discontinued  in  April,  1877,  will  not  be  out  of  pla«e. 
The  well  had  heen  bored  to  a  depth  of  1,40?  feet  JO  inches,  and  adrill 

had  been   left  at  the  bottom  broken  off  from  the    ■ 
rods.     The  1 1  -inch  diameter  pipe  reached  to  a  depth    I 
of  200  feet  from  the  surface  of  the  ground,  the  9-    1 
inch  pipe  to  a  distance  of  5i>7  feet,  the  8-iiich  pijie 
to  a  dei)th  of  9u9  feet,  and  the  7-iDch  pipe  to  1,371* 
feet !)  inches,  or  to  within  5.'}  feet  1  inch  of  the  bot- 
tom of  the  well  hole. 

The  sijpply  of  water  afforded  by  the  well  in  the 
condition  when  work  ceased  was  plentiful;  a  deep- 
well  pump  was  placed  in  the  well  200  feet  below  the 
^  surface  of  the  ground,  and  althou;;h  the  water  was 
pumped  out  for  sixty  hours,  yet  this  only  lowered 
the  water  shghtly  and  the  supply  continued  abun- 
dant.    This  water  came  from  two  sources — the  one  960  feet  from  the 
surface  where  the  8-incb  pit»e  t«rmmate8,  and  the  second  from  the  bot- 
tom of  the  well- 
It  was  determined  to  derive  some  benefit  from  this  water  and  to  make 
arrangements  so  that  it  could  be  need  in  case  of  fire,  for  the  boiler  in 
the  shops,  and  for  irrigation.     The  best  method  of  effecting  this  was  to 
pump  the  water  directly  from  the  well  into  the  reservoir,  from  which  it 
could  be  distributed  to  all  parts  of  the  post.     In  this  case  the  height 
through  which  the  water  was  to  be  forced  might  be  300  feet,  as  follows: 
The  difference  of  level  between  well  and  resenoir  was  180  lect,  and  the 
water  might  be  lowered  in  well,  by  continuous  pumping  eight  hours  a 
day,  about  120  feet  from  the  surface.    To  pump  the  water  through  this 
height  would  have  subjected  the  piston  of  pump  and  the  pipes  to  a  great 
strain,  as  we  must  include  in  our  estimate  the  friction  of  the  waterou  the 
inner  surface  of  the  pipe,  which  would  have  to  be  overcome,  as  well  as  the 
actual  weight  of  water  to  be  raised.    It  was  decided  to  pump  this  water 
into  another  well  which  furnished  us  with  about  1,500  gallons  of  hanl, 
slaty  wat«r  everj'  day  during  the  dry  season,  and  from  thence  to  force 
it  up  into  the  re8er\'oir  on  the  hill  by  means  of  a  Knowles  steam-)>ump. 
Tlie  analysis  of  the  water  obtained  frotn  the  well  resulted  as  foUows: 
After  standing  some  time  a  dark  precipitate  formed  from  a  wine-gallon 
of  the  water,  and,  having  been  filtered,  was  found  to  weigh  13.003  grains. 
It  was  composed  of  the  following:  Silica,  5,8iK)  grains;  organic  matter, 
4.374  grains,  and  oxide  of  iron,  2.799  grains. 

A  qualitative  analysis  showed  the  presence  of  the  following  sub- 
stances :  Soda,  iron,  organic  matter,  ammonia,  chlorine,  carbonie  acid 
free  and  combined ;  also,  traces  of  sulphuric  and  boracic  acids.  Thu 
quantity  of  carbonic  acid  free  and  combined  was  found  to  be  9.15^ 
grains  in  one  wine-gallon  of  water.  This  water  proved  to  be  alkaline 
and  impure  from  the  presence  of  organic  matter.  It  is  very  soft,  aiiJ 
free  from  lime  and  magnesia ;  but  the  presence  of  organic  matter  ren- 
dered the  water  unfit  for  food.  This  water  was  used,  mixed  with  tlie 
hard  water  of  the  small  well,  during  the  dry  season,  for  irrigation  otiil 
for  the  animals.  It  did  not  seem  to  disagree  with  the  latter.  Some 
violets  which  were  irrigated  faded  and  died,  but  it  seemed  to  agree  with 
the  grasses  and  trees. 

We  were  astonished  at  finding  organic  matter  in  water  rising  from  a 
1,407-foot  level,  and  could  oTdy  realise  that  this  analysis  was  correct 
when  we  remembered  tluit  coal  was  found  near  this  stream  of  water. 
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Xotice  was  received  ut  this  araenal  on  Jnly  16,  1878,  that  aiiother  ap- 
projiriation  had  heeu  made  for  prosecuting  vork  on  the  artesian  well.  I 
made  a  complete  examination  immediately  of  all  the  toots  and  apparatus 
on  Land  for  this  work,  and  the  opinions  which  were  expressed  In  my 
last  report,  t.  e.,  that  the  engine  and  holler  could  not  perform  the  re- 
quired work  any  lonf^er,  was  verified.  It  was  also  resolved  to  remodel 
some  of  the  tools  and  to  duplicate  others.  The  necessity  for  doing  this 
last  was  explained  in  my  previous  report.  It  will  be  remembered  that 
in  pushing  down  the  pipe  during  the  year  1877  the  force  required  to 
efl'ect  it  was  proportional  to  the  upward  spring  of  the  pipe  when  relieved 
iW>m  the  pressure.  This  upward  spring  was  sometimea  as  great  as  4 
inches,  which  was  considered  as  proving  ^i^t  a  pressure  of  over  20  tons 
had  been  used  before  the  pipe  commenced  descending  into  the  well. 
Snch  a  force  was  very  iajurious  to  the  rivets  which  held  the  pipe  to- 
gether, and  if  they  failed  to  sustain  it  the  pipe  would  certainly  telescope, 
and  its  interior  diameter  be  diminished  so  that  the  tools  could  not  pass 
freely  to  the  bottom  of  the  well.  This  fact  and  the  weight  of  the  sheet- 
iron  pipe  already  in  the  well,  which  was  15,000  pounds,  determined  us 
to  use  no  more  of  it,  but  on  top  of  this  double  sheet-iron  pipe  to  fasten 
heavy  wrought-iron  artesian-well  tubing.  This  we  ordered  from  Phila- 
delphia, and  Lieutenant-Colonel  Whittemore,  who  commanded  at  Frank- 
ford  Arsenal,  had  the  kindness  to  inspect  it  tor  us.  This  inspection  had 
to  be  made  very  carefully,  as  the  tubing  must  be  perfect  as  regards 
straightness,  and  there  were  very  small  limits  to  be  allowed  in  regwd  to 
the  interior  and  exterior  diameters. 

This  length  of  tubing,  700  feet,  would  enable  the  well  to  be  sunk  and 
[Hped  to  a  depth  of  2,072  feet,  which  was  considered  as  a  depth  sufficient 
to  demoDstrate  the  success  or  thilnre  of  the  effort  to  obtain  a  flowing  well 
of  large  capacity.  It  will  be  remembered  that  a  Sowing  well  of  some 
1,000  gallons  per  day  has  already  been  obteined  from  the  960-foot  level, 
tne  water  from  this  stream  rising  in  the  pipe  as  far  as  the  latter  reached 
above  the  ground,  i.  e.,  two  feet,  and  flowing  over  its  edges. 

Of  course  in  all  the  deliberations  which  resulted  in  the  procurement  of 
new  machinery  and  the  fabrication  of  new  toots  an  appropriation  for  this 
work  by  Congress  for  the  succeeding  year  was  a  conspicuous  element. 
Representations  had  Iwen  made  in  the  last  report  which  proved  conclu- 
sively the  great  loss  which  the  government  had  experienced  in  allowing 
this  work  to  he  discontinued  for  a  year,  and  on  the  principle  that "  a  burnt 
child  dreads  the  fire,"  it  was  confidently  expected  that  money  would  be 
appropriated  for  this  work,  and  all  the  improvements  in  machinery  and 
tools  were  made  on  that  supposition. 

The  new  boiler  was  20  feet  long,  42  inches  diameter,  with  two  flues, 
each  16  inches  diameter ;  steam-drum  48  inches  long,  30  inches  diame- 
ter, with  mud-drum  and  safety-valve.  The  engine  employed  was  the 
portable  one  which  had  been  on  hand  for  some  years  at  this  arsenal,  and 
was  ca]>able  of  developing  twelve  horse-power. 

A  new  steam -cylinder  for  working  the  end  of  the  lever  opposite  the 
one  to  which  the  boring-rods  were  attatitied  had  to  be  made  and  fitted ; 
it  was  a  single-action  cylinder,  the  feed  automatic,  0  inches  interior  di- 
ameter and  4  feet  high.  Four  new  drills  were  made,  and  the  form  of 
these  was  improved.  It  had  been  observed  that  in  all  cases  in  which 
the  drills  were  broken  in  the  well  tlie  line  of  fracture  or  weakness  was 
esactly  where  tlie  screw  joined  the  drill,  or  where  the  coupling  of  the 
side  cutter-tool  seemed  to  rest  on  the  drill  when  they  were  screwed  to- 
gether. 
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The  new  drills  were  made  witli  cones  between  the  screw  and  body  of 
drill,  which  fit  into  inverted  cones  in  the  couplings  on  the  tools  above. 

Am  The  siile  strainn  are  borne  partially  by  these  cones  and 
'    j\  not  entirely,  as  heretofore,  by  the  male  and  female  screws 
<)  of  these  tools. 

Two  side-cntter  tools  were  fabricated  of  a  new  device 
f  which  rendered  them  more  serviceable.  This  tool  consists 
of  a  frame  of  wrought  iron  to  hold  two  side-cutters,  one  on 
each  side,  and  is  screwed  on  to  the  rods  above  the  drill. 
1  The  side-cutters  are  made  of  steel ;  they  revolve  around 
J  a  pin  in  the  center  of  the  tool,  and  have  serratedcattiug 
sarfocen.  The  ^me  for  this  tjx>l  is  of  wrought  iron,  2  inches  thick ;  the 
cross-section  is  that  of  a  cross ;  the  side-cutters  work  between  two  steel 
oiroular  plates,  to  which  they  are  fastened  by  a  steel  pin  wliich  passes 
through  the  centers  of  these  plates  and  through  the  boles 
in  the  shanks  of  the  side-cutters.  Around  the  pin,  the 
latter  move  through  an  are  of  45°,  so  tliat  they  can  be 
kept  closed  when  passing  down  the  pipe,  and,  also,  that 
they  will  dose  themselves  in  passing  up  the  pipe  by 
being  pulled  np  through  it  There  are  two  slots  in  each 
plate  which,  when  the  tool  is  assembled,  are  directly  oppo- 
site similar  slots  in  the  other  plate ;  these  slots  would  be 
portions  of  the  same  ring,  if  it  was  cut  around  the  plate. 
A  steel  pin  passes  through  each  slot  in  the  plate  through 
a  hole  in  one  of  the  side-cntters  near  its  head,  and  out 
through  the  slot  in  the  opposite  plate.  This  pin  projects 
beyond  both  plates,  and  has  a  screw-thread  on  one  ex- 
tremity, with  a  nnt  to  fit  the  screw.  These  side-cntters 
are  kept  open  by  a  spiral  spring  which  works  up  and 
down  around  an  iron  bar  belonging  to  a  tool  just  above 

AH  side-cutter  frame.  This  spring  works  between  a  fixed 
M  collar  at  the  bottom  of  the  bar  and  a  sliding  collar  above 
/\  it.  To  the  latter  are  attached  two  arms  and  from  tht-m 
hang  two  forked  rods,  one  on  each  side ;  the  prongs  of 
these  forks  have  round  holes  through  their  extremities, 
and  they  pass  down,  one  on  the  outside  of  one  circular 
plate,  and  the  other  on  the  outside  of  the  other  circular 
plate.  The  pins  last  mentioned,  after  passing  through 
the  holes  in  side-cutters  and  the  slots  in  circular  plates, 
pass  through  the  holes  in  the  prongs  of  the  forks ;  and 
the  whole  system  is  held  together  by  the  nuts  screwed 
on  to  the  end  of  the  pins.  When  the  side-cutters  are  open 
to  the  full  extent,  the  backs  of  each  of  them  rest  upon  a 
shoulder  between  the  two  circular  plates ;  so  that  there 
is  no  yielding  upward  as  the  tool  falls  to  the  bottom  of 
3  the  well  in  boring.  To  use  this  tool,  we  take  hold  of  the 
forked  rods  and  pull  them  down  against  the  spring  until 
the  heads  of  the  side-cutters  are  as  low  as  they  can  be  got,  then  place 
wooden  pegs  between  side-cutters  and  shoulders;  these  will  hold  the 
former  in  place  until  the  tool  is  lowered  through  the  pipe.  When  boring 
is  commenced,  the  firet  or  second  stroke  will  loosen  the  pins,  which  will 
then  float  to  the  top  of  the  water  in  the  well,  and  prove  to  the  workman 
that  the  side-cutters  are  working.  As  soon  as  the  pins  escape,  the 
spring  will  cause  the  side  cutters  to  open  back  and  upwards  until  they 
rest  against  the  shoulders;  then  they  will  commence  to  do  their  work. 


^°f 


fl 


REPORT  OF  THE  CHIEF  OP  ORDNANCE. 


219 


Two  freB-fulIing  tooU  hail  to  be  repaired;  tbey  work  aatoinaticiilly, 
and  were  faWy  described  in  my  re{K>rt  dated  July  19,  1873. 

It  wiw  tbaud  nece^ary  tn  make  a  oevr  puiap  of  heavier  material  than 
the  last,  tint  uo  cliauge  waa  made  in  ita  construction. 

The  old  pipe  had  to  be  removed  ftom  the  well,  and,  as  it  could  not  be 
stirred  in  ita  preheat  atate,  it  was  necessary  to  cat  it  into  sectious ;  in 
order  to  effect  this  we  prepared  a  tool  which  would  out  through  the  sides 
of  the  pipe  at  any  distance  from  the  top  of  it. 

We  took  the  tool  described  in  my  laat  report,  which  was  made  for  re- 
monug  broken  wooden  poles  from  the  well,  and  adapted  it  to  this  work 
by  removing  the  pawls  from  the  hollow  iron  cylinder.    A  steel  bar  1{" 
by  li"  was  placed  across  the  above-mentioned  cylinder,  work- 
ing horizontally  in  two  rectangulai'  slots ;  its  center  waa  pierced 
by  a  hole,  through  which  a  st«el  pin  was  passed,  which  pro- 
jected on  each  side  of  the  bar ;  against  these  projections  the 
lirouga  of  a  steel  forked-abaiied  spring  impinged  and  pressed 
the  teir  always  in  the  direction  of  the  end  in  which  the  cutter 
waa  fastened.    The  cutter  was  rounded  and  had  serrated  edges, 
Hnd  was  fastened  on  the  bar,  which  had  a  sliding  motion.    The 
extent  of  this  horizontal  movement  waa  controlled  by  two  pins 
passing  through  sides  of  cylinder  and  tliroagh  longituditial  slots 
ID  bar ;  the  latter  were  one  iiicli  long.    To  use  this  tool  we  press 
in  the  cutter  while  inserting  the  tool  in  the  pipe,  and. as  the 
latter  is  lowered  the  point  of  the  cutter  will  make  a  maik  down  i 
the  inside  of  the  pipe,  but  one  which  will  not  iiyure  it.     When  I 
th«  tool  has  reached  tlie  place  at  which  the  pipe  is  to  be  cut  t 
through  we  commence  to  ttun  it  around,  and,  as  the  outer  line  I 
of  the  teeth  of  the  cutter  is  a  circle,  the  deeper  tfae  incision  in  I 
the  pipe  the  greater  number  of  teetli  will  come  in  contact  with 
the  substance  of  the  pipe.     If  the  first  attempt  is  unsuccessful 
ami  the  cutter  is  dnlled  before  the  pipe  is  cut  through,  com-    ^-|. 
pelliug  us  to  withdraw  the  tool  in  onSer  to  8haq>en  the  cutter,    miM 
it  is  found  very  difll<;ult  to  resume  the  work  at  the  same  place,     l— ' 
owing  to  the  exfiaoston  of  tlie  system  of  rods  due  to  the  length  sua|>ended 
and  the  incres^ed  temi>erature  at  great  depths.    This  difficulty  was 
overcome  by  placing  an  iron  plate  8  inches  diameter  on 
the  system  of  rods,  with  a  hole  in  it  so  that  the  rods  might 
tnm  freely,  the  upward  movement  of  the  plate  being  con- 
trolled by  a  small  collar  fastened  to  the  rods  by  a  set-screw, 
the  bottom  of  this  plate  to  be  at  a  distance  above  the  cut- 
tur  which  kIiouKI  be  equal  to  the  length  of  pii>e  we  wish  to 
remove  at  any  one  time.     Then,  as  tlie  cutter  reaches  ita 
position,  the  plate  will  catch  on  top  of  the  7-inch  pipe  and 
the  small  col^r  will  hold  the  rods,  so  that  the  cutter  can 
only  have  a  horizontal  motion  around  the  asis  of  the  rods.^ 
It  can  be  readilr  seen  tliat  by  keeping  this  plate  and  collai' 
on  the  rods  that  the  same  place  in  the  pi[>e  will  l>e  reached 
each  time  that  it  is  lowered  after  Bharj)ening  the  cutter. 
After  the  pipe  was  cut  through  it  was  foimd  impossible  to 
raise  the  tool  until  the  cutter  was  broken  oif,  but  there  was 
a«  difficulty  in  doing  this,  /TT\ 

The  next  tool  fabricated  was  one  to  rivet  together  sec-      f  \      \  _ 
tiouB  of  pipe  30  feet  long,  it  being  anticipated  tliat  we*  *,       \  J  ^ 
would  insert  this  7-in<'h  pipe  iuto  the  well  after  it  had  been       ^J — ^ 
repaired,  in  lengths  of  SU  feet  at  least,  until  it  reached  below  the  8-inch 
pipe.    This  tool  is  comiwaed  of  two  cast-iron  solid  aegments  of  cylin- 
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dera  attached  to  tlie  lower  extremities  of  two  rods  ^ritli  a  werlge,  which 
has  a  vertical  motion,  ausx>ended  between  them,  the  edge  of  the  latter 
being  upward.  The  onter  surfaces  of  the  two  segments  and  the  ends 
of  the  wedge,  wheii  it  is  pulled  up,  form  a  solid  cylinder  the  diameter 
of  which  varies  with  the  height  of  the  we<lge.  The  modus  operandi  is  ta 
lower  the  pipe  into  the  well  and  then  to  hoist  a  30-foot  section  up  into 
the  well'tower;  the  bottom  of  the  latter  is  then  driven  into  the  top  of 
the  former  by  blows  on  top  of  the  new  section  of  pit>e.  The  holes  for 
the  rivets  were  then  drilled  through  both  pipes  and  soft  ucrewH  inserted ; 
the  rivetiug  tool  is  then  lowered  so  that  the  segments  of  the  cylinders 
cover  the  joint  of  the  pii)e8  which  are  to  be  fastened  together;  the 
wedge  is  then  raised  by  turning  the  nut  on  the  top  of  the  vertical  screw 
which  holds  it  in  susjiension.  liaising  the  wedge  jiressCs  tJie  segments 
against  the  inside  of  the  pipe  and  rivets;  then  the  latter  are  hammered 
from  the  outside,  sod  the  nut  being  reversed  the  screw  and  wedge 
attached  to  it  are  lowered,  the  segments  approach  each  other  and  the 
pipe  de-scends  into  the  well.  As  soon  as  the  pipe  is  let  down  hito  the 
well  sufficiently  the  riveting  tool  is  raised  out  of  it. 

We  found  that  the  operation  of  withdrawing  portions  of  pit>e  &om 
the  well-bore  required  a  power  far  exceeding  the  strength  of  oar  engine 
and  steel-wire  rope.  The  power  exerted  to  do  this  amounted  in  some 
instances  to  more  than  30  tons.  In  order  to  apply  the  hydraulic  pumps 
to  the  rods  we  made  a  system  of  clamps  and  wedges,  and,  after  secur- 
ing a  good  hold  on  the  rods  with  these,  we  placed  the  hydraulic  pumps 
under  the  edges  of  the  former.  The  clamp  consists  of  four  steel  plates,  tlie 
smaller  ones  were  placed  between 
the  two  larger,  and  each  was 
pierced  with  a  1-inch  hole.  The 
plates  were  assembled  around 
the  rods  and  were  held  in  position 
by  two  bolts.  Two  steel  wedges 
were  driven  in  on  each  sifle  of 
the  rods  between  them  and  the 
edges  of  the  smaller  steel  plates, 
then  the  pumps  were  applied  to 
the  bottom  edges  of  the  larger 
plates,  one  on  each  side,  and  the 
greater  the  pressure  employed 
the  more  firmly  did  the  wedges 
grasp  the  rods.  In  extricating 
tools  which  had  become  fast  in 
the  well,  in  some  instances  two  of 
these  clani])s  were  used,  oneabove 
the  other,  and  at  right  angles  to 
each  other,  so  that  four  pumps 
could  be  employed  simultane- 
ously. 

Besides  manufacturing  tools, 
some  work  had  to  be  perfoimeil  . 
on  well  tower  and  machinery;  all 
of  the  latter,  save  lever  and  the 
steam -cylinder  which  worked  it, 
were  removed  to  the  south  of  the  well,  so  that  the  machinery  should  no 
longer  feel  the  constant  jar  created  by  the  lever  in  boring.  The  system 
of  rods,  weighing  over  (J,«00  pounds,  alternately  raised  and  lowered  'M 
inches,  and  this  twenty -five  times  perminute,  caused  aconsider  ab 
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whicb  was  commniiicatcd  to  the  frame  of  the  lever,  and  by  it  to  the  floor 
timbers  and  to  all  the  machinery  suinwrted  by  them.  This  tremor, 
which  waa  felt  by  everything  on  the  same  foundation  aa  lever,  proved 
iiijiirions  to  pii>e  and  rod  coimections,  &c,,  therefore  a  shed-room  was 
built  on  south  side  of  well  on  a  separate  foundation  from  that  on  which 
old  machinery  stood,  large  enougii  for  steam-engine,  boiler,  hoisting- 
machine,  reel  for  pum]>-roi>e,  &c.  The  shaking,  whicli  is  unavoidable  in 
working  the  lever  with  its  rods  and  weight,  is  not  felt  in  tliis  new  room. 

Again,  we  ha<l  been  very  much  cramped  for  room  during  tlie  last  year 
that  we  had  worked.  Fifty  rods  and  many  tools  were  suspended  around 
the  well-hole,  and  there  was  hardly  room  enough  to  work.  We  were  com- 
pelled after  using  certain  tools  and  employing  many  rods  to  place  them 
outside  of  the  tower  until  they  were  wanted.  Carrying  Ut)-foot  rods  out 
and  in  the  tower  occupied  much  time,  and  proved  very  inconvenient ; 
besides,  they  did  not  maintain  their  straightness  when  lying  on  the 
ground  or  skids  as  well  as  if  they  were  suspended.  It  was,  therefore, 
determined  to  raise  the  well-tower  another  story.  After  this  was  done 
a  new  ra«k  and  frame  was  made  and  placed  in  upper  part  of  tower. 
From  this  the  }>oles  and  tools  were  suspended,  and  there  was  abundant 
space  below  them  to  allow  the  men  to  work. 

The  Hat  wire-rope,  sheave,  and  metal  txixes  of  hoisting  apparatus 
were  worn  out  and  had  all  to  be  replaced.  The  wire  pump-roiie, 
already  weak  in  places,  waa  considered  unserviceable,  notwithstanding 
great  care  had  been  taken  to  preserve  it  during  the  two  years  that 
it  waa  allowed  to  be  idle.  Finally,  after  having  to  expend  most  of 
the  appropriation  on  tools  and  machinery,  the  work  itself  wag  really 
commenced.  We  first  cleared  the  well  of  the  deep-well  pump  which 
had  been  used  to  raise  the  water  and  to  force  it  into  the  other  well 
as  described  above.  When  this  was  done  a  wooden  block  was  lowered 
to  feel  for  the  top  of  the  7-inch  pipe,  which  was  found  303  feet  below 
the  surface  of  the  ground.  A  cylinder  gauge  made  of  wood  was  low- 
ered MO  feet  to  ascertain  if  the  i>ipe  waa  free  to  that  distance,  sO  tliat 
arrangements  might  be  made  to  cut  oft  200  feet  of  it.  As  every- 
thing was  clear,  the  cutting-tool  was  placed  in  well,  but  could  not  de- 
scend beyond  a  depth  of  330  feet.  It  had  entere<l  the  7-inch  pipe  27  feet, 
but  could  be  forced  down  no  further.  After  withdrawing  it  and  attempt- 
ing several  times  to  remove  the  obstruction  by  using  different  tools,  and 
our  efi'orts  proving  unsuccessful,  it  was  determined  to  use  the  pipe-ex- 
tractor, which  was  described  on  page  50,  Beport  of  the  Chief  of  Ordnance 
for  1876.  We  finally  extricated  from  the  well  46  feet  S  inches  of  pipe. 
This  was  accomplished  by  using  the  hydraulic  pumps  and  breaking  the 
rivets  which  held  it  together.  Our  next  attemjit  was  to  cnt  the  pi))e  at 
a  distance  of  560  feet  from  the  top  of  it.  The  cutter  became  so  dull  that 
the  tool  had  to  be  raised  and  a  new  one  substituted  for  it  twice  before 
we  effected  our  object  The  pi[>e-extractor  when  employed  brought  up 
210  feet  of  pipe,  but  wo  had  to  use  the  wooden  clamps  on  the  outside  of 
the  pipe  and  two  hydraulic  pumps  before  wee^uldstartitupwanl.  Sev- 
eral successful  efforts  were  then  made,  during  which  no  serious  accident 
occurred,  to  remove  sections  of  pipe,  and  6S0  feet  were  removed  from 
the  well.  If  one  tool  failed  us  we  tried  another.  In  some  instances  the 
pipe  was  cut  through  in  two  trials,  but  it  generally  required  more.  Tlie 
pipe-extractor  threatened  to  give  us  trouble,  for  the  wooileu  block  belong- 
ing to  it  would  swell  to  such  an  extent  by  the  absorption  of  water  that 
after  raising  the  pipe  ttoni  the  well  it  was  found  necessary'  to  cut  away 
the  pipe  in  order  to  extricate  it. 
After  accomplishing  the  above,  preparations  were  made  to  cut  tlu; 
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pipe  throiigli  940  feet  iVom  tite  surface  af  the  grouixl,  or  19  feet  alMve 
the  bottom  of  the  8-iuch  pipe.  Several  cnttens  were  broken  in  tryiiif;  u> 
accomplish  tliis ;  and  when  we  thought  it  was  done,  the  pine-extractor 
was  nsefl,  ami,  instead  of  bringing  op  940  feet,  it  only  extricated  22  feet 
of  pipe,  tlie  rivets  at  the  end  of  this  section  having  broken,  which 
accounted  for  the  pipe  yielding  at  this  particnlar  place.  Another  hold 
was  obtained  on  the  pipe,  bnt  nothing  was  wxoinplished,  and  we  de- 
sisted in  onr  attempts  to  raise  tliis  long  section,  and  commenced  to 
extract  short:er  lengths,  lly  working  alternately  with  cnttiug-tool  and 
pipe-extractof,  and  after  many  failures,  we  fonnd  that  we  had  removed 
922  feet  S  inches  of  the  pi[>e;  this  left  the  top  of  the  7-inch  pipe  26  iieet 
5  inches  within  the  S-inch  pipe. 

We  were  now  approaching  diAicnIties  which  had  been  anricipated, 
but  which  could  not  be  avoide<l.  Our  ingenuity  faileil  to  sug- 
gest any  adequate  precautions  Co  be  taken  which  wonid  insnre 
an  easy-bought  success.  As  soon  as  the  top  of  the  7-inch  pipe 
no  longer  rested  within  tlie  8-iiich  pipe,  the  walls  of  the  well-bore 
between  the  top  of  one  pipe  and  bottom  of  the  other  would  be 
unsupporied,  and  would  commence  to  cave.  The  strata,  com- 
posed as  it  was  of  shale,  slate,  and  rotten  sand-rock,  wonhl  crnni- 
ble  down  into  well-hole  on  top  of  the  7-incli  pipe,  ami  bnry  it.  In 
order  to  try  to  avoiti  such  a  catastrophe,  which  we  feared  would 
occor,  it  was  determinetl  to  make  a  desjierate  ^ort  to  raise  the 
whole  of  the  pipe  remaining  in  the  well,  450  feet,  at  one  trial.  A 
hold  on  this  pipe  was  obtained  near  the  bottom  of  it,  and  we  useal 
the  hydraulic  pumps,  l>ut  the  pipe  was  a  fixture  in  the  well;  that 
is,  the  above  meaiis,  which  were  all  that  we  had  on  hand,  proval 
inadequate  to  move  it.  The  pressure  of  the  pumps  was  applie<l 
with  judgment,  being  increased  very  gradually  until  the  iron  rods 
broke  at  a  disbiuce  of  9.^l>  feet  from  the  floor  of  the  well-tower. 
This  distance  was  a  lew  fuet  less  than  the  len^h  of  the  8-inch 
pipe,  therefore  the  top  of  the  broken  system  of  rods  was  within 
the  8-iuch  pipe.  The  rods  tlid  not  break  at  a  coupling,  hut  in 
the  middle  of  a  short  iykI,  10  feet  long,  and  there  was  no  im- 
perfection of  metal  to  acoount  for  the  breakage.  The  rod  was 
1  inch  square,  and  its  rupture  proved  that  the  four  hydmolir 
pumps  had  been  need  to  their  full  capacity,  and  that  a  pres- 
sure of  nciirly  00,000  i>ounds  must  have  lieen  employed  without 
moving  or  breaking  the  pipe.  After  this  accident  the  position  of 
pipes  and  tools  were  as  follows :  The  8-iuch  pipe  overhtpped  the 
7-inch  pipe  27  feet  4  inches,  the  top  of  the  poles  being  fortu- 
nately in  that  portion  of  the  latter  which  was  within  the  former, 
and  the  gravel-box  of  pipe  extractor,  ma<)e  of  sheet  iron,  was  rest- 
ing on  top  of  7-inch  pipe.  The  rods  and  box  hail  to  be  withdniwri 
before  anything  else  could  be  ac(!om])lished  towards  removinc 
any  more  pipe.  The  kit-extractor  was  lowered,  »id,  by  th^  im- 
pression taken,  it  was  ascertained  that  the  hole  in  conical  top  of 
gravel-brix  was  in  the  axis  of  the  well-hole.  An  attempt  to  extract  this  w»s 
made  with  a  hook  on  a  swivel  at  the  end  of  ))ump-r(^e,  as  this  could  he 
lowere<l  in  a  few  minutes,  while  the  system  of  rods  would  take  morn 
than  one  honr  to  reach  this  distance  into  the  well.  A  hold  on  the  top 
w^  secured,  but  the  rope  parted  at  an  old  splice,  leaving  an  additional 
obstruction  in  the  well  in  the  sliai)e  of  some  liuudred  feet  of  wire-roi«'. 
The  Tope  and  its  appurtenanees.  att<'r  sevenvl  trials,  were  withdraw" 
iVom  the  well.     After  re-splicing  the   wire  rope  it  was  lowered,  with 
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a  point  of  iron  at  its  extremity,  attached  to  yrhich  were  four  i 
springs.  ThiB  tool  passed  through  the  hole  in  top  of  gravel 
box,  and  when  it  was  drawn  up  the  springs  caught  the  sides 
of  box  and  broaght  it  out  of  the  well.  As  the  7-iuch  pipe  pro- 
jects more  than  20  feet  abOT«  the  upper  end  of  tlie  bottom  ^ 
itKis  in  well,  there  was  room  above  the  latter  to  permit  us  to  use 
another  pipe-extractor  in  this  pipe,  and  to  try  to  remove  some  of  it, 
and  thus  relieve  the  rods  in  well  of  a  portion  of  the  weight  which 
served  to  break  them  in  onr  endeavor  to  raise  the  whole  of  it  at 
one  trial.  We  were  snccessful,  and  raised  78  feet  4  inches.  On  exami- 
nation it  was  ascertainetl  that  the  pipe  was  not  cut  throngh  at  the 
depth  of  940  feet,  the  point  at  which  the  cutting  tool  had  been  work- 
ing. This  was  owing  to  the  foct  that  the  cross-section  of  the  pipe  was 
not  a  circle  at  this  place,  but  rather  an  ellipse,  two  of  the  opposite  sides 
having  been  pressed  in  towards  the  center.  The  cutter  had  pei-forated 
all  the  inner  sheet  and  the  portions  of  the  outer  one  near  the  extremi- 
ties of  ita  smaller  diameter,  but  the  outer  sheet  at  the  ends  of  the  larger 
diameter  was  intact.  By  raising  this  length  of  pipe  we  had  relieved 
the  rods  of  801  iiounds  actual  weight,  but  wlien  we  consider  that  the 
outer  surface  of  this  portion  of  pipe  was  over  1,700  square  feet,  and  tlie 
power  of  adhesion  to  the  walls  of  the  well-bore  was  proportional  to  it, 
we  can  realize  that  the  pressure  exerted  by  the  actual  weight  was  a 
very  small  component  of  the  strain  that  the  rods  had  to  sustain,  and 
that  in  removing  this  length  of  pipe  the  rods. had  beeu  relieved  of  a 
great  i>ortiou  of  the  task  which  had  been  required  of  them. 

The  above  was  the  first  operation  towards  rectifying  the  effects  of  tliis 
accident;  but  the  rods  were  still  in  the  well,  and  there  was  now  a  por- 
tion of  the  walls  of  the  well  51  feet,  extending  from  bottom  of  eight-inch 
to  top  of  seven-inch  pipe,  unprotected  and  liable  to  cave. 

No  time  was  lost  in  frying  to  get  a  firm  hold  of  upper  extremity  of 
imls  in  well.  Several  tools  were  made  of  different  patterns,  but  all 
proved  ineffectual,  our  hold  on  top  of  rods  yielding  before  a  pressnie 
adequate  to  raise  them  could  be  applied.  Our  next  attempt  was  to  un- 
screw a  portion  of  the  rods  and  to  raise  these  fh>m  the  well ;  about  40 
feet  above  the  gravel  and  block  there  was  a  loose  joint,  and  if  a  suf- 
ficient hold  could  be  obtained  of  the  top  of  the  rods,  we  might  unscrew 
the  upper  ones.  I^veral  attempts  were  made  to  effect  this,  but  our 
hold  on  the  rods  8lipi)ed,  or  the  leverage  of  i)56  feet  from  top  of  rods  to 
the  place  of  applying  tlie  power  with  the  elasticity  of  the  rods  pre- 
vented our  unscrewing  them  at  the  loose  joint.  Our  exertions  to  take 
hold  of  the  rods  and  tlic  consbmt  blows  the  top  of  them  received  from 
the  tools  in  trying  to  effect  this  pushed  the  wliole  system  in  the  well 
down  until  the  block  was  worked  below  the  pipe,  when  the  gravel 
escaped  out  into  the  well-hole  and  the  claw  tool  obtaining  a  hold  on  the 
coupling  just  below  the  rupture  brought  rods  and  block  to  surface  very 
uimxpectetUy.  This  method  of  freeing  the  well  from  this  tool  when  it 
was  fouud  itni>08!)ibIo  to  raise  it  was  one  of  the  considerations  which  in- 
duceil  us  to  use  it,  but  it  was  not  tried  in  tliis  instance,  as  it  was  sup- 
pofied  that  the  whole  well  below  the  7-inch  pipe  was  filled  with  loose 
rock  and  earth,  and  that  there  was  no  room  for  either  block  or  gravel. 
We  next  raiseil  out  of  the  well  30  feet  more  of  pipe,  learing  a  dis- 
tance of  81  feet  of  bore  of  which  the  walls  were  not  protected.  Our 
prospects  were  now  encouraging,  iis  we  experienced  very  little  diffienlty 
in  achieving  this  last  re.suU.  The  well  was  left  in  this  condition  on 
*toi>ping  work  at  night,  and  it  was  resumed  with  sanguine  anticipation 
on  the  following  day,    Tliese  were  soon  exchauge<l  for  gloomy  fore- 
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boding,  for,  on  lowenn<r  tlie  pipe  extractor,  it   woa  ascertained  that 

during  ttie  night  the  walls  of  the  well  had  caved  in  on  tO])  of  pii>e  at  a 

■      distance  from  the  surface  of  the  gronnd  of  1,030  feet.    This  d.'brii 

[~)     was  bored  through  witli  an  auger,  and,  atier  penetrating  it  and 

/\    reaching  the  pipe,  the  tool  desceiuled  freel.v  in  the  latter.     It  w;is 

Cm    found  that  the  pipe  extractor  could  not  enter  the  pipe,  as  there 

^^    wa$  some  obstiu^le  on  top  of  it  which  the  auger  could  pass  by, 

y?     but  which  was  Urge  enough  to  obstruct  the  piissage  of  this  toi>l, 

sjr     while  the  same  ob.-4tac1e  kept  the  debris  above  &om  tilling  up  the 

pipe. 
In  raJHing  the  anger  on  one  ocetision  the  workman  was  certain  that 
he  had  oinght  hold  of  this  piece  of  rock  or  sheet-iron  and  was  lifting  it 
out,  but  when  the  anger  was  within  210  feet  of  the  surface  a  suddeu 
jar  of  the  rofls  convinced  him  that  it  had  escaped  and  fallen  back  into 
the  well.  On  lowering  the  tools  it  was  ascertained  that  they  would  not 
enter  the  pipe,  and  the  piece  of  rock  or  hard  substance  was  felt  on  top 
of  it.  A  tlouble  worm  was  then  tried,  several  attempts  were  made,  and 
"  in  some  cases  this  obstacle  was  nearly  raise<l  to  the  top,  but  fell 
back  into  the  well.  It  waa  then  tletermiued  to  break  it  up  anil 
extract  it  in  fragments.  A  solid  invei-ted  cone  was  screwed  ou 
to  the  rods  and  slide,  the  whole  system  was  raised  and  allowed 
I  to  fall,  but  this  did-  not  break  it  np  so  that  we  could  remove  it. 
I  The  idea  of  extricating  ourselves  from  this  difliuulty  in  tbis 
.  manner  was  finally  abandoned,  and  we  commenced  to  use  a 
sliari>l>ointed  drill  and  to  bore  in  the  usual  way,  but  without 
side  cutters,  using  the  pump  alt«ritately  with  the  drill.  By 
continuous  employment  of  these  tools  we  reached  the  top  of  the  pipe 
and  entered  it  to  a  depth  of  100  feet,  when  we  found  it  filled  up  to  tbat 
height  with  caved  rock  and  earth.  This  length  of  pii>e  afforded  nn  an- 
other opportunity  of  using  the  pii*  extractor,  and  a  hold  on  the  former 
was  obtained  at  a  distance  of  70  feet  below  its  top.  The  clamps,  wedges, 
and  hydraulic  pumps  were  applied,  and  the  pressure  was  increased  very 
giwiually,  the  full  strain  of  the  four  pumps  beiug  left  on  during  the 
night.  The  following  morning  the  influence  of  the  pumps  began  to  tell 
on  the  system  of  ro<l8,  and  they  yielded  gradually,  inch  by  inch,  uutil 
the  iK)rtion  of  the  lower  pipe  we  were  raising  had  entered  the  S  inch 
pipe,  when  the  hoisting  apparatus  was  fonnd  strong  enough  to  raise  tliem 
out  of  the  weU. 

The  diSicnlty  experienced  in  raising  this  pipe  after  its  adhesion  to  the 
walls  of  the  well  had  been  broken,  and  it  had  started  on  its  upward  jour- 
ney, made  one  realize  the  amount  of  friction  which  would  have  to  bv 
overcome  in  the  work  which  remained  to  be  accomplished.  The  rods 
brought  up  on  this  occasion  79  feet  3  inches  of  pipe;  this  last  above  the 
blut^k  was  filled  with  water,  mud,  rocks,  and  small  pieces  of  sheet-iron. 
The  surface  of  the  pi))e  was  iiressed  in  and  broken  through  in  sevemi 
pluccjs,  a|>{)arently  by  a  loose  i-ock  lietween  the  pipe  and  walls  of  the  well, 
which  worked  its  way  up  as  the  pii>e  ascended. 

During  one  night  the  well  caved  at  a  distance  of  1,079  feet  3  inches 
from  itnrtiice,  so  as  to  cover  up  the  top  of  lower  pipe  40  feet.  We  liored 
thmngh  this  iUbriit,  but  the  sides  caved  as  tlie  drill  descended,  and  it 
was  niispd  from  the  weU  with  ditllculty.  After  many  attempts  the  well 
wa-s  chuired  nut  to  a  certain  distance,  and,  being  left;  overnight,  caved  so 
that  we  were  oranipitMi  »lnriiig  the  whole  of  the  following  day  in  ilrillinj; 
through  the  i-ock  and  ejirtli  which  had  fallen  in  and  choked  uj>  the  well- 
bore.  2fo  dilMiniUy  wiw  c.\periemicd  in  boring  through  the  Aibrin  whii-h 
KcetniMl   to  fill  the  well  during  the  night,  but  the  tools  became  ei>- 
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cambered  witU  caves  whicb  oeciirred  during  the  day,  so  that  the  lever 
bod  to  lift,  in  boriog,  not  only  the  rods  and  drill,  but  a  large  mass  of 
rock  aud  earth  at  each  stroke.  On  Htopping  work  at  night,  as  a  pre- 
cautionary measure,  the  tools  bad  to  be  drawn  up  into  the  8-inch  pipe 
for  fear  they  would  be  buried,  so  that  we  could  not  get  them  oat  of  the 
well.  The  pump  was  constantly  briagiuff  up  a  full  load  on  each  occa- 
siOQ,  but  the  more  matter  removed  from  the  well,  the  more  seemed  to 
tM  into  it  from  this  unseen  source  nearly  a  quarter  of  a  mile  below  ua. 
It  would  be  a  matter  of  repetition  to  deaoribe  the  efforts  made  and  tools 
enployed  to  remove  the  ejects  of  the  caving  and  to  deepen  the  well- 
hole  so  as  to, withdraw  the  253  feet  of  pipe  still  in  it  All  the' above 
proved  useless,  and  the  situation  was  a  desperate  one. 

The  condition  of  the  well  was  as  follows :  From  the  bottom  of  8-incb  to 
the  top  of  7-inch  pipe,  a  distance  of  160  feet  3  inches,  the  walls  of  well 
were  uoprotected  and  had  caved  in,  filling  up  the  pipe  and  bore  ^ 
of  well  to  a  distance  of  377  feet  10  inches.  Forty  feet  of  this  1 
filling  was  above  the  pipe  and  prevented  our  toots  from  reach-  --^ 
ing  it.  There  remained  in  the  well  below  this  mass  of  rock  .|. 
and  earth  253  feet  6  inchesofpipe,  and  below  this  again  35  feet  r> 
1  inch  of  bore  unprotected  by  pipe.  An  experienced  weli-borer  S 
from  Pennsylvania,  who  witnessed  the  futile  attempts  made  ^ 
to  remove  these  quicksands,  as  yon  might  call  them,  said,  if  ^ 
snch  an  accident  had  occurred  in  the  oil  regions,  that  the  work-  , 
men  would  immediately  abandouthe  holeaudsinkanotherone.  ■- 
This  accident  leaves  the  well  in  a  situation  which  will  require 
time  and  money  to  rectify  k,  but  its  consequences  are  far  from 
irreparable.    The  best  method  to  insure  silccess  in  removing 


these  incumbrances  from  the  well  will  be  to  lower  a  7-inch  oi 
l>ipe,  with  a  lip  on  its  outside  surface,  until  the  bottom  of  it  § 
r^sts  on  top  of  pipe  now  in  well.    Then  the  pipe  in  well  cau  be        r  •  n 
cleared  through  this  of  the  products  of  the  cavings  and  of  the         ^^ 
broken  drill  in  bottom  of  well-bole.    We  cau  then  take  hold  of  ■ 
it  with  the  expanding  tool  (described  on  page  692,  Heport  of 
Chief  of  Ordnance,  1877)  by  allowing  the  tool  to  pass  down,  so 
that  the  cutters  could  expand  and  take  hold  under  the  st«el  ^ 
ring  at  the  bottom  of  the  old  pipe.    The  new  pipe  could  be  g^ 
raiae«l  by  wooden  clamps  around  the  outside  of  it,  and  the  old  i^^ 
pipe  by  "tbe  large  iron  rods  one  and  a  half  inch  square.     Both  r, 
should  ascend  simultaneously,  so  that  the  bottom  of  the  new  ^ 
pi|ie  should  rest,  until  it  entered  the  8-iuch  pipe,  on  the  top  of  « 
tbe' lower  p)i>e.    This  would  protect  the  welt  from  the  caving  £^ 
of  its  sides.    From  the  above  position  the  upper  pipe  could  be  « 
raiseil  firet  aud  then  the  lower  one. 

The  above  plan,  which  is  the  be^t  that  suggested  itself  to  ^ 
my  mind,  required  tor  its  execntion  more  time  than  would 
elapse  before  tbe  expiration  of  the  fiscal  year,  wheu  the  work  .^ 
would  have  to  be  discontinued,  as  Congress  had  not  made  any  •> 
appropriation  to  continue  it  during  the  present  year.     Under 

these  circumstances  it  would  be  folly  to  put  any  more  pipe  in  ^    

the  well  only  to  become  a  fixture  there,  which  would  cost  money  and 
time  to  extricate.  It  was  determined,  therefore,  to  purchase  some  more 
vire  rope  and  the  tools  which  would  be  needed  to  complete  this  work, 
and  to  repair  all  tbe  pipe  which  had  been  taken  from  the  well. 

As  the  analysis  of  the  water  obtained  from  the  1,407-foot  level  was 
not  very  encouraging,  it  was  decided  to  make  arrangements  to  utilize 
that  which  came  from  the  stream  which  was  met  with  at  960  feet  from 
15  CRD 
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the  snrface.  In  order  to  effect  tliis  it  would  be  iiecesBaiy  to  stop  the 
water  wliich  enterwl  the  well  at  the  1.407-foot  level  ft-om  rising  and 
mixing  with  the  better  water  obtatnt^d  »t  tlie  lesser  depth.  The  bore 
waa  alreaily  filled  up  377  feet  above  the  lowur  source  of  water  with 
earth,  &e.  This  mass  was  rammed  dom>  to  incntase  it-s  density,  then  a 
nnniber  of  gi-ain-sacks  made  into  wads  were  pressed  down  on  top  of  it. 
Atjove  these  we  lowerejl  and  spi-ead  out  three  barrels  of  eenient  and 
two  barrels  of  sand,  and  allowed  a  week  to  elapse  to  (rive  these  time  to 
settle  down  and  to  actiaire  the  consisteney  of  ghie.  Over  the  cement 
and  sand  we  plaecd  more  saeks  and  pit'sseil  them  down  into  this  half- 
hardened  substanee  exjieeting  that  the  material  of  which  the  ba^a  wcii! 
made  wonld  bind  the  mass  together  into  a  solid  water-tight  bottom  to 
the  upper  part  of  the  well.  In  measuring  Rome  time  afterwards  the 
depth  of  these  obstmcHons  we  ascertnined  that  there  were  6^  feet  of 
this  conglomerate  on  top  of  the  filling  which  came  tVom  the  caviog  of 
walls  of  well.  When  a  8iilti<;ient  time  hnd  elapsed  for  the  cement  to 
set  and  to  harden  the  mass,  the  deep-well  pump  was  lowered  ;S00  feet 
into  the  well,  and  the  piston-rod  wan  connected  with  the  lever,  which 
was  worked  by  the  steam-cylinder.  The  water  discharged  at  first  wan 
frothy,  opaline,  aocomimuieil  by  gas  which  readily  ignited  at  the  mouth 
of  the  well;  its  temj)erature  inci-eased  to  80°  and  the  taate  was  unpleas- 
ant. The  quantity  delivered  was  estimated  to  lie  1,000  gallons  per  hour. 
As  the  pumping  was  continned  the  gas  gnulually  disap])eared,  the  wal«r 
becoming  clear  and  soft;  the  unpleasant  taste  to  a  great  extent  was  lost, 
and  the  temperature  continued  high.  The  water  contains  no  lime  nor 
any  salt  which  might  form  a  crust  on  the  inside  of  the  boilers ;  it  can 
therefore  be  used  in  them  and  for  iriigatiug  piu-poses.  The  chemist 
reports  that  it  contains  organic  matter,  and  is,  thei'efore,  unfit  for  food. 
The  water  was  pumped  continuously  for  forty -two  hours  and  the  quan- 
tity remained  the  same  as  at  the  beginning,  wfaih-  the  quality  improved. 
I  have  nearly  completed  a  brass  force-pimip  with  a  piston  of  5  inches 
diameter,  which  will  furnish,  with  tlie  present  machinery,  about  3,0U0 
gallons  an  hoar.  The  above  requires  an  expenditure  of  ftiel,  but  the 
government  can  obtain  an  abundant  supply  of  water  ttom  this  well  at 
a  very  low  cost.  An  appropriation  of  ^.SOO  to  build  a  windmill  over 
this  well  wonld  enable  us  to  obtain  »  snpply  of  water  with  nhich  we 
might  defy  the  dry  season  of  California  and  its  withering  effects  on  all 
ve«Jure. 

It  has  been  suggested  to  me  by  some  parties  that  when  we  commence 
to  use  this  water  freely,  the  traces  of  organic  matter  in  it  may  disapfieur. 
and  then  it  will  be  useful  for  all  purposes;  and  it  has  also  ot^curred  to 
me  that  we  could  increase  the  supply  of  water,  or  might  even  obtain  a 
flowing  well  ol  snfijeieut  capacity  to  snpply  the  wants  of  this  post,  by 
opening  the  fissures  in  tlie  strata  at  the  !)00-foot  level-  This  could  be 
effected  by  exploding  a  cartridge  of  giant  iK>wder  or  nitro-glycerine  at 
this  depth  by  means  of  an  electric  current.  I  hear  that  this  plan  is  fre- 
quently adopted  in  the  oil  regions  to  increase  the  flow  of  oil  ^om  a  well 
when  it  begins  to  fail,  and  that  it  very  often  proves  snccessfifl.  There 
is  one  objection  to  the  use  of  this  plan,  however,  in  the  artesian  well 
here,  for  if  we  fail  to  obtain  a  flowing  well  of  sufficient  capacity  for  oiir 
wants  by  this  means,  and  have  to  sink  the  well  deei>er,  then  we  may 
have  some  difficulty  in  passing  this  mine  create<l  by  ourselves,  1>ecause 
the  surrounding  strata,  having  been  loosened  by  the  explosion,  will  fiill 
against  the  pipe  and  impede  its  progress  downwards.  If  this  was  my 
private  enterprise,  I  should  adopt  this  plan  as  one  that  might  probably 
sftbrd  a  satisfactory  solution  to  our  endeavors  to  obtain  artesian  water. 
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In  this  connection  it  might  be  well  to  statt^  tbat  I  applied  to  Colonel 
Meudall,  of  tlie  United  Sbites  EnginoerB,  to  ascertain  if  he  bad  nn; 
means  at  his  disposal  for  firing  a.  mine  nnder  wat«r,  and  found  that  be 
hml  a  magneto-electric  machine  (Beanlslee's)  which  could  furnish  a  cur- 
rent of  high  intensity,  but  on  that  very  awonnt  it  needed  iwrfect  insula- 
tion ;  the  wire  that  be  bad  was  old  and  unfit  for  my  pur^wse ;  be  kindly 
oftfered  to  lend  me  the  wire  and  the  machine.  As  the  cartridge  and  a 
portion  of  the  wire  had  to  be  used  at  the  depth  of  970  feet,  they  would 
be  snbjected  to  a  pressure  of  450  pounds  to  the  square  inch.  This  press- 
ure wonld  require  a  small  Atlantic  cable  to  resist  it,  and  I  was  fortunat« 
in  finding  iu  the  TTuit«d  States  Coast  and  Geodetic  Snrvey  OflBce,  in  San 
Francisco,  an  insnlat«d  cable  which  was  brought  out  here  by  Professor. 
Agassiz  for  tAking  temperatures  at  great  depths.  The  nse  of  this  was 
kindly  offered  to  me  by  Professor  Davidson  of  the  United  States  Coast 
Snrvey  Department.  The  above  suggestion  ofexplotliug  acartridgejust 
below  the  8-inch  pipe  in  tlie  well  is  submitte<l  for  yonr  consideration, 
and  you  will  perceive  that,  owing  to  the  kindness  of  friends,  it  can  be 
carried  out  with  a  small  expeuse  to  the  Ordnance  Department. 

I  have  prove<I  by  the  alwve  that  we  can  readily  remove  all  the  ob- 
itnietjons  now  in  the  well,  and  our  former  achievements  iu  boring  at 
great  depths  demonstrato  that  we  can  sink  the  well  to  any  required 
Astance.  Machinery,  tools,  and  pipe  are  all  prepared  to  bore  the  well 
to  a  depth  of  2,073  feet,  and  we  only  wait  for  a  further  appropriatioQ  to 
continue  the  work. 
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(Eleven  plates.) 
Ekpeeimests  at  Washikoton  Arsenal,  Irt54-'j5. 

■Washington,  Januar}/  18, 1S53. 

Sib  :  I  have  recently  constructed  na  api>Arata8  designed  to  ftScArt^p 
tbe  pressure  per  square  inch  exerted  by  fired  gunpowder,  either  vithin 
a  cannon  charged  in  the  ordinary  manner,  or  otherwise  confined. 

In  the  method  I  have  devised  it  is  proposed  to  measure  the  force  of 
the  explosion  by  the  registered  compression  of  a  liquid  contained  within 
a  piezometer,  which  is  secured  within  a  gun  wbileitisdietcharged.  The 
compression  thus  produced  is  compared  with  the  compression  prodnced 
by  submitting  the  instrument  to  a  known  pressure  by  means  of  a  hy- 
drostatic apparatus  (which  I  also  possess),  and  the  actual  pressure  is  de- 
duced from  the  comparison. 

I  have  made  a  small  number  of  experiments  with  the  instrumeut  men- 
tioned, but  am  not  in  possession  of  the  means  of  giving  the  e:ti>eriment« 
the  completeneaa  which  would  result  from  the  employment  of  guns  of 
different  calibers. 

The  determination  of  the  pressure  of  fired  gunpowder  under  tbe  vari- 
ous conditions  of  its  use  in  seivice  appears  to  me  to  have,  in  addition  to 
its  scientific  interest,  an  important  practical  bearing  on  tbe  sitliiect  of 
gunnery;  and  with  this  view,  I  very  resjiectfully  request  the  aid  of  your 
department  in  making  some  further  experiments.  Ko  great  expenditure 
would,  I  think,  be  demanded  to  conduct  the  experiments  to  useful  re- 
snlts.  The  employment  of  gnns  already  in  service  and  the  cvpenditiuv 
of  tbe  requisite  ammunition  would  be  the  principal  items  of  c\'pen.se. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

W.  B.  WOODBKIDGB. 


Col.  Henhy  K.  Craig, 

Chief  of  the  Ordna)i<v  Dcpaffuiciit. 


Wasiiisoton  Arsenal,  January  'J'J,  185^. 
8iB :  In  reply  to  your  letter  of  the  20th  instant,  relative  to  tbe  csi>er- 
iments  proposed  by  Dr.  Woodbridgefor  measuring  the  force  of  fired 
gnni)Owder,  I  have  to  say :  That  the  determination  of  the  pressure  ex- 
erted by  the  elastic  gases  produced  by  the  combustion  of  gunpowder  is 
an  element  of  the  first  importance  in  the  theory  and  practice  of  gunnery, 
and  the  measure  of  this  pressure  is  indispensable  in  all  mathematical 
computations  of  the  cfl'ects  of  gunpowder  on  the  projectile  or  on  the 
gnn.  The  only  experiments  on  this  subject,  of  which  I  have  any  knowl- 
edge, are  those  of  Count  Rumford,  and  they  are  accordingly  still  referred 
228  . 
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lo  by  oiathetnaticiaas  in  all  discussioas  relative  to  the  force  of  fired  gun- 
powder. (See  Piobert, "  Traite  d'Artillerie.'*)  Biit  iDterestiog  and  curi- 
ous aa  these  experiments  were,  the  deductious  made  from  them  are 
liable  to  mauy  objectioos,  on  account  of  obvious  caiisea  of  error  and 
uncertainty  in  the  results,  and  an  accnmte  sohitioitof  the  questions  in- 
volved  in  them  ia  still  highly  desirable  for  scientific  aud  practical  pur- 
poaes. 

Dr.  Woodhridge  has  explained  to  uie  the  method  which  he  proposes 
to  employ  for  accomplishing  this  ohjeet.  He  informs  me  that  an  instru- 
ment constructed  OB  a  somewhat  similar  principle  was  used  by  Perkins 
in  liis  exi)eriments  on  the  compressibility  of  liquids,  and  Dr.  Woodbridge 
has  test^  his  own  apparatus  by  some  trials,  on  a  moderate  scale,  which 
appear  to  him  satisfactory.  Under  these  circumstances,  therefore,  and 
without  entering  into  a  minitte  discussion  of  the  proposed  plan,  I  am  of 
opinion  that  a  farther  trial  is  worthy  of  the  attention  of  the  Ordnance 
Department.  It  would  be  curious,  and  creditable  to  the  department  as 
well  as  to  the  inventor,  if  another  American  philosopher  should  perfect 
the  work  so  well  begun  by  Bumford. 

With  regard  to  the  probable  cost  of  prosecuting  these  experiments  to 
a  useful  extent  it  is  difficult  for  me  to  form  an  estimate  at  this  time. 
The  guns  which  might  he  used  for  the  purpose  would  have  to  be  after- 
wards classed  as  unfit  for  ordinary  service,  but  I  think  that  guns  of  old 
pattern,  and  condemned  on  that  a*xount  as  unserviceable,  might  be  made 
use  of  for  these  esperiments,  and  the  gunpowder,  shot,  and  other  mate- 
rials would  involve  very  little  cost.  Dr.  Wootlbridge  ought  to  receive 
some  remuneration  for  his  expenses  during  the  time  he  may  derote  to 
the  work  ;  the  other  expenditures  for  labor  and  workmanship  would  be 
but  small,  and  I  should  think  that  the  sum  of  $500  would  defray  all  the 
expenses  (exclusive  of  the  guus  aud  ammunition)  which  it  would  be 
necessary  to  incur  in  obtaining  many  interesting  and  useful  results,  if 
the  experiments  should  be  made  at  an  arsenal. 

A  few  preliminary  trials,  involving  very  little  cost,  would  serve  to  test 
the  sufficiency  of  the  proposed  apparatus  and  the  general  accuracy  of 
the  resulta  to  be  expected  from  its  use.  I  hope,  therefore,  that  you  may 
feel  jnstified  in  furnishing  Dr.  Woodbridge  with  the  means  of  prosecut- 
ing his  experiments  on  this  interesting  subject. 

Dr.  Woodbridge's  letter  is  herewith  returned. 
Respectfully,  your  obedient  servant, 

A.  MOBDECAI, 
Captain  Ordnance,  Brecet  Major. 

Col.  H.  K.  Craig, 

Ordnance  Department. 

[First  iudorsement.] 

Oednanoe  Office,  January  24, 1853. 
Res|)ectfully  submitted  to  the  Secretary  of  War.  I  regard  the  pro- 
posed experiments  as  highly  interesting  both  in  a  scientific  and  practical 
point  of  view,  and  recommend  that  they  be  authorized  as  suggested  in 
this  letter;  the  actual  expenditures  (not  to  exceed  $500}  to  be  defrayed 
&x)m  the  appropriation  for  "  ordnance  service,"  whieh  is  applicable  to 
the  purpose. 

H.  K.  CKAIt^, 
Colonel  Ordnance. 
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[Second  iDdor»«ineiit.] 


Approved. 
Jabuary  2 


C.  M.  COSRAD, 

Secrelarff  of  Wat 


Perth  Amboy,  December  18,  1853. 
'  SlE :  I  send  herewith  an  accoant  of  tlie  exiierimeiits  on  the  pressure 
of  fired  gunpowder,  undertaken  iu  accordance  with  a  notice  of  their 
authoriiiatioii  received  from  yonr  department  in  February,  18.'>3,  together 
with  their  results  and  such  jtarticulars  as  are  of  interest  in  the  prewnt 
stage  of  the  experiments.  The  results  present,  I  suppose,  the  most  ac 
cnmte  knowledge  we  have  upon  the  particular  subject  to  -which  they  re- 
late, ;ind  the  experimeats  have  served  to  afford  instructions,  such  as  are 
generally  gained  only  from  experience,  which  would  be  of  much  value 
iu  a  moi-e  extended  course  if  they  should  he  made.  Various  engstge- 
mcnts,  both  on  the  part  of  Major  Mordecai,  with  whom  I  have  had  tlie 
pleasure  and  honor  to  be  associated,  aud  on  my  iiart,  liave  been  tbe 
necessary  cause  of  delay.    •     •    • 

Very  rcspectl'ullv,  vonr  obedient  ser^'ant, 

W.  E.  WOODBRIDGE. 
Col.  H.  K.  Craig, 

Chitf  of  Ordnance  Department. 


Wabuisgton,  Koiember  3,  ISjB. 

COLOKEL :  I  present  herewith  a  n'port  of  Dr.  Wootlbridge,  contain- 
ing a  description,  with  drawings,  of  the  apparatus  used  by  him  in  deter- 
mining the  compresKibility  of  oil  iu  connection  with  the  exi>eriment«  on 
the  pressure  of  fired  gnnimwder,  which  were  made  at  the  ^Va8hiDgton 
Arsenal  whilst  I  was  in  command  there..  This  i-ciK>rt,  the  jtrevious  one 
of  Dr.  Woodbridge  on  the  same  subject,  and  a  printe<l  pa]>er  prepared 
by  him  for  Sill  im  a  n't*  Journal  (a  copy  of  which  is  also  incl05e<l  herewitbt. 
present  a  full  view  of  the  method  used,  and  the  results  obtained  thus 
far  in  these  experiments.  They  are  to  be  reganled  only  as  prcliminai^' 
trials  of  the  proposed  metho<l  of  operating  on  this  interesting  snbjett, 
and  I  do  not  consider  them  as  having  been  carried  far  enough  to  enable 
us  to  pronounce  definitively  on  the  accuracy  of  the  indications  given  hj 
the  instruments  used  in  the  gun  for  determining  the  pressure  against 
the  sides  of  the  bore.  But  the  results  thus  far  obtained  are,  I  thinh, 
sufficiently  encouraging  to  authorize  a  continuance  of  tbe  ex|>erimeiils 
on  a  subject  which  is  of  great  importance  in  reference  to  the  form  of 
cannon,  and  esi»ecially  to  the  best  mode  of  proWng  them. 

I  may  remark  here  that  this  subject  has  engaged  tbe  attention  of  tbe 
intelligent  corps  of  artillery  of  Prussia.  A  report  of  tbeir  experimenta 
was  published  in  December,  1853,  in  the  "Arckiveg  of  the  Artillerg  and 
Engineer  Corps"  (Vol.  34,  Part  2),  and  atransbition  of  the  paper  into 
French  will  be  found  in  tlie  first  volume  of  the  '•  Technologic  Militaire,^ 
18S4,  published  in  Belgium  by  Lieutenant-Colonel  Delobel,  a  copy  of 
which  is  among  the  books  brought  out  by  the  military  commission  re- 
cently returned  from  Europe.  Tiie  method  adopted  iu  these  Prussian 
ex]ieriments  ap^iears  to  have  been  nhnost  exactly  the  same  as  that  jHir- 
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sued  ill  siiuihtv  investigations  umler  the  direction  of  Colonel  Bomford  at 
Boston — a  inetliwl  nincli  lesu  (liie<;t  and  satisfactory  in  its  application 
tliaii  tbat  of  Dr.  \\'oodbri<l}i«,  if  the  latter  slionld,  ou  further  trial,  be 
found  perfectly  reliable.    •     •     ■ 

Eesiiectfully,  yonr  obedient  servant, 

A.  MORDECAI, 
Major  of  Ordnance. 
Col.  H.  K.  Craig, 

Ordnance  Departinent. 


Ill  reiiortiug  to  tlie  SwreUiry  of  War  on  November  11,  1856,  on  the 
iipiikcatioQ  of  Dr.  \Voo<ibridge  for  reiniburaement  of  moneys  expended 
by  him,  which  exceedeit  the  amount  assigned  by  the  War  Department 
to  the  purposes  of  the  experiments,  the  Colonel  of  Orduajice  stated  that 
Iiiji  iuteutioii  in  making  a  favorable  recommendation  was,  in  part,  "  to 
hold  out  to  him  (Or.  W.)  fair  ioducements  to  prosecute  a  work  which  an 
:il>le  and  exi>eneuced  officer  of  this  department  considers  as  affording 
liiiisiiects  of  decided  utility  in  its  future  oi^erations." 


ACCOUNT  OF  EXPERIMENTS. 

[The  aceouttf  of  the  experiments  referred  to  in  Dr.  VToodbrxdg^a  letter  of 
December  18,  IS-hl,  in  here  combined,  in  substance,  with  a  later  and  in  some 
respects  more  full  coiiimunicatioii  nuide  to  Major  Mordecai,  andbjf  kimfor- 
miriled  Ut  the  Chief  of  Ordnance  ituder  cover  of  his  letter  dated  ifocemfcer 

•S,  1S.-.6.J 

It  wtis  proposed  in  these  exiieiiineuts  to  ascertain  the  pressure  of  the 
gaHea  evolved  by  the  combustion  of  gunpowder,  by  including  in  the 
i-avity  within  which  the  pressure  should  be  restrained  a  piezometer, 
uUich,  by  registering  the  compression  of  a  liquid  contained  within  it, 
sbould  aflbrd  an  iudicatiou  of  tlic  pressure  to  which  it  hod  l)eeu  exposed. 

This  instrument,  as  employed  in  these  ex[)erinieuts,  is  a  small  cylin- 
<lrical  vessel  of  steel,  inclosing  a  (]uautity  of  oil  destined  to  receive  the 
l>ressiire  of  the  fluid  by  which  it  may  be  surrounded,  through  the  me- 
<liuin  of  a  piston  which  is  carried  inward  a  distance  proportional  to  the 
iimomit  of  compression.  To  the  piston  is  attached  a  stem  of  wire,  ex- 
tending inward,  on  one  side  of  which  a  fine  point  is  made  to  press,  in- 
st-ribing,  when  tlie  piston  is  moved,  a  line  ou  the  stem  equal  in  length 
to  the  extent  of  its  motion. 

The  details  of  its  construction  were  arrange*!  with  reference  to  obtain- 
ing as  large  capacity  and  as  great  length  of  stroke  as  its  exterior  di- 
mensions would  permit — to  fixing  the  proper  relations  between  the 
volume  of  oil  required  to  till  it,  the  area  of  the  i>iston,  and  the  range  of 
liressores  to  which  it  was  to  be  subjected — and  to  its  being  easily  filled 
without  including  air. 

The  piezometer  made  nse  of  in  the  firing  recorded  under  date  of  No-  . 
vember  27,  1854,  in  the  accoiniJanyiug  table,  was  made  in  the  fall  of 
l&>2,  and  used  at  that  time  to  test  its  working,  for  a  few  firings  with  a 
I'oiu-pounder  gun,  at  Perth  .;Vjnboy,  N.  J.  The  closed  end  of  the  instru- 
ment terminated  in  a  screw  half  an  inch  in-diameter,  designed  to  secure 
it  to  the  bottom  of  the  gun,  where  it  was  inserted  in  a  hole  tapped  to 
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receire  it.  The  at^rew  was  broken  in  the  first  exi>erimeut,  tbough  tlie 
InBtnimeDt  retaine^l  the  i-ecoixl  of  the  compression. 

A  second  piezometer,  simihir  to  the  first,  bnt  attached  by  a  screw  of 
the  full  diameter  of  the  body  of  the  iustniment  (one  inch),  was  employed 
in  the  second  and  third  rounds,  breaking  in  the  third. 

The  original  design  in  inserting  the  instrument  in  the  manner  men- 
tioned above  was  to  avoid  injuring  the  gun  UKed  in  these  trials  in  a  way 
that  woald  render  it  unserviceable. 

The  third  piezometer,  used  wrthoitt  injury  in  all  the  subsequent  ex- 
periments, was  inclosed,  when  used,  in  a  hollow  ping  of  steel  screwed 
into  the  side  of  tlie  gun,. the  cavity  of  the  plug  and  the  ixlre  of  the  gun 
being  in  communication. 

It  was  essentially  like  its  predecessors,  excepting  that  the  attaching- 
screw  was  omitted.  It  is  represented  in  full  size  in  the  accompanying 
drawing  ^Plate  I).  Figure  1  is  a  section  through  itfi  axis;  Fig.  2,  an 
exterior  side  view ;  Fig.  3,  a  view  of  the  end  placed,  when  in  use,  toward 
the  t>ore  of  the  guu;  Fig.  4,  of  the  opposite  end,  and  Fig.  5,  a  view  of 
the  piston  with  its  stem,  separately.  The  same  letters  are  nsed  in  re- 
ferring to  like  parts  in  each  of  the  figures.  A  is  the  body  of  the  instrn- 
ment.  The  general  form  of  its  lower  (or  outer)  end  is  hemispherical, 
but  it  is  fiattened  on  four  sides  (as  at  a  and  n)  for  fitting  a  socket  at- 
tacbetl  to  the  middle  of  a  small  oil-pan  used  in  filling  it.  B  is  the  barrel 
to  which  the  piston  is  fitted.  It  screws  freely  into  the  body,  and  makes 
with  it  a  close  joint;  b  and  b  are  holes  for  tbe  wrench  or  screw -driver. 
C  is  the  piston,  packed  with  a  leather  ring  occupying  the  groove  1,  Fig. 
5;  c  is  the  eye  of  the  piston,  by  means  of  which  it  is  withdrawn  or 
turned  when  required.  A  sjiecial  implement  (not  represented)  is  fitted 
to  the  eye  for  this  manipulation.  I>  is  a  stem  screwed  into  the  piston. 
The  lower  eiul  is  squsred,  to  fit  a«ocket  like  that  of  a  watch-key.  As 
it  is  desirable  to  use  a  new  btem  lor  caeli  experiment,  special  appliances 
were  pre}iared  for  making  duplicates  readily  and  with  accuracy.  They 
are  coated  with  a  thin  film  of  black  raruiab  to  render  the  marks  they 
are  to  receive  more  distinct.  E  is  the  point  from  which  the  stem  re- 
ceives the  mark  recording  compression.  F  is  a  tubular  support  for  the 
IKiint,  and  also  a  guide  for  the  stem  of  the  piston.  To  it  is  attached 
the  spring  O,  pressing  the  point  against  the  stem;  //  are  holes  in  the 
support  to  permit  the  oil  within  it  to  escape  freely  when  the  stem  is 
suddenly  thrust  in,  under  the  action  of  surrounding  pressure.  U  is  a 
screw  permitting  the  escape  of  oil  when  the  instrument  is  being  "  set" 
for  use,  but  also  capable  of  closing  tightly  the  opening  in  whicli  it  is 
sibiateii.  Tests  were  made  of  tlie  tightness  of  the  piston  and  of  the 
joints. 

Figure  0  represents,  in  section,  the  hollow  steel  screw-plug  for  receiv- 
ing tbe  piezometer.  It  is  fitted  to  holes  in  the  gun,  and  inserted  at  the 
point  where  it  is  desired  so  ascertain  tiie  pressure.  A  ring,  K  K,  is 
screwed  into  its  open  end  to  retain  the  inclosed  instrument. 

In  preparing  the  piezometer  for  an  ex]>eriment,  two  items  are  to  be 
specially  observed ;  it  must  contain  no  air,  and  the  "  setting,"  or  adjust- 
ment of  the  quantity  of  oil  contained,  must  be  done  at  the  precise  tem- 
perature the  instrument  is  to  have  at  the  moment  of  firing. 

The  procedure  is  as  follows:  All  the  parts  are  first  oiled,  over  their 
whole  surfaces.  The  adjusting- screw  is  inserted  into  the  iKxly  of  the 
instmment,  which  is  then  set  upright  in  a  socket  attached  to  the  middle 
of  a  small  pan  intended  to  catch  any  overflow,  aiul  is  nearly  or  quite 
flileil  with  oil,  which  should  be  made  to  flow  down  the  side  of  the  cavity 
rather  than  in  a  stream.    The  support  of  the  niarking-iioint,  quite  clean 
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but  coTered  with  oil,  is  now  screwetl  iuto  its  place,  with  tbe  aid  of  a 
special  implement,  not  described.  When  this  is  withdrawn,  it  will  h« 
necesaary  to  replace  the  oil  cansed  to  orertlow  by  its  insertion.  Tbe 
barrel  it)  now  slowly  put  in  its  place  and  screwed  firmly  down.  The 
hole  in  the  piston  for  receiving  tbe  stem  is  filled  with  oil,  the  stem 
screwed  in,  and  the  piston  inserted  in  tbe  barrel.  Tbe  adjusting-screw 
is  loosened  a  little,  jwrmittlng  the  pistoii  to  be  pressed  just  below  the 
top  of  the  barrelj  and  again  tightened.  Tbe  next  step  is  to  bring  tbe 
iDBtrament  and  its  contents  to  the  setting  temiwratnre.  For  this  pur- 
pose a  water-bath  (a  common  wooden  pail)  was  provided ;  a  narrow  tin 
cop,  deeper  than  the  bath  and  weighted  at  the  bottom  so  as  to  stand 
nprigbt  within  it ;  and  a  pair  of  wooden  pinchers  for  handling  tbe  piezom- 
eter, which  instrument  could  be  inserted  in  them  in  such  a  way  as  to  be 
nearly  enveloped  and  yet  to  leave  the  adjustinjiscrew  and  piston  readily 
accessible.  The  piezometer,  seizeil  in  the  pinchers,  is  placed  at  the  bot- 
tom of  the  cup  in  company  with  the  tools  to  be  useil  in  setting  it,  and 
is  covered  with  a  loose  wad  of  cotton.  The  cup  is  set  iu  the  middle  of 
the  bdtb  and  surrounded  with  water  kept  as  nearly  as  i)0ssible  at  the 
desired  temi>erature,  for  a  sufiiGient  time  to  impart,  as  nearly  as  appre- 
i»able,  the  same  to  tbe  instrument.  It  is  then  withdrawn,  the  screw 
loosened,  the  piston  depressed  a  little  to  a  regulated  depth  with  a  special 
tool,  the  screw  tigbtenetl,  and  tbe  piston  rotated  a  few  degrees,  which 
completes  the  settiug.  The  object  of  this  last  movement  is  to  inscribe 
a  transverse  tine  on  the  stem,  afi'ording  a  starting  point  in  measuring 
the  length  of  the  stroke- 
Small  changes  of  temperature  after  the  instrument  is  set  are  of  no  con- 
sequence, as  the  oil  will  of  course  return  to  the  same  volume,  and  the 
piston  stand  at  the  same  place,  on  retunnng  to  the  same  temperature. 
Before  placing  the  piezometer  iu  tbe  hollow  plug,  a  thin  leather  en- 
velope, kept  saturated  with  oil,  is  drawn  upon  it  (with  the  intention  of 
affonling  protection  against  the  shock  of  firing),  and  when  inserted,  the 
remaining  space  within  the  plug  is  filled  with  oil,  which  is  retained  by 
stopping  tbe  opening  through  the  retalning-ring  (which  forms  the  com- 
munication with  the  bore  of  tbe  gun)  with  a  loosely-fitted  disk  of  cork 
or  leather. 

One  particular  to  be  note<l  is  tbe  {wsition  of  the  eye  of  the  piston  with 
rererence  to  the  line  in  which  tbe  gun  will  recoil  on  firing.  The  metal 
surronnding  the  eye  occupies  a  position  at  one  side  of  the  piston's  asis 
of  rotatiou  iu  the  barrel,  thereby  throwing  the  center  of  gyration  out  of 
tUat  tine ;  and  if  that  center  be  so  situated  as  to  fall  outside  of  a  plane 
coincident  with  the  line  of  recoil,  it  ia  evident  that  the  piston  will  have 
atendency  to  rotation  when  the  gun  is  fired.  It  was  apprehended  that 
this  rotation  might  interfere  with  tbe  proper  marking  of  the  stem,  or 
accurate  measnrement  of  the  mark,  and  for  that  reason  care  was  usu- 
ally taken  to  place  the  piston  in  snch  position  that  its  center  of  gyration 
Hhould  be  nearly  in  the  planejust  mentioned,  and  forward  of  its  axis  of 
rotation.  Curious  and  instructive  results,  hereafter  mentioneil,  were, 
however,  obtained  through  the  accidental  omissiou  of  this  precaution. 
After  firing,  the  length  of  the  stroke  was  measured  under  a  comiwund 
microscope  by  the  application  of  a  scale  divided  into  thousandths  of  an 
inch  and  capable  of  being  read  to  ten-thousandths. 

The  volume  of  oil  subjected  to  pressure,  the  area  of  the  piston,  and 
the  length  of  stroke  being  known,  we  derive  from  them  the  degree  of 
compression.  To  complete  the  data  for  ascertaining  the  pressure  to 
which  the  piezometer  has  been  exposetl  in  any  gtveu  case,  it  becomes 
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uecessary  to  detertuiue  tlie  relation  of  coinpressioii  to  the  pressure  re- 
quired to  effect  it. 

Ttie  experiiDents  made  fur  tkiK  |)nr{>o»e  were  conducted  with  a  goo<l 
deal  of  eare  to  secure  accuracy,  and  were  somewhat  elaborate. 

The  following  account  of  them  is  designed  to  be  8iilIicientl.T  niinnte  to 
aftord  an  opportunity  Ibr  judging  of  the  accui-acy  of  their  insults.  It 
will  be  necessary  to  begin  with  KOme  description  of  the  apparatus : 

The  compressing  pump,  thougli  an  essential  part  of  the  apparatus, 
need  not  be  very  fully  deai-ribed.  Several  additional  drawings  wonltl 
be  retjuireil  for  a  complete  detKiiption ;  and  so  Jar  as  its  function  of 
BU]iplyiug  pi-essure  only  is  coaoerned,  its  coustruction  is  perhaps  not 
very  intimately  coDnect«4l  with  t)ie  accui-acy  of  tlie  results.  Its  barrel 
ia  of  civst  steel,  placed  horizontally,  its  exterior  diameter  l>eing  2",'2  ami 
that  of  ibd  bore  0".7.  The  piston,  which  is  also  of  cast  steel,  tenii>erei], 
is  forced  in  and  retracted  by  means  of  a  s^iuare- threaded  Kteel  screw 
1".5  in  diameter. 

These  parts  are  placed  in  a  strong  I'ranie  of  iron.  The  so-ew  is  tunieil 
by  means  of  a  ratchet-wheel,  which  forms  it«  bewl,  aud  a  lever  and  pawl 
connected  with  it.  To  facilitate  the  I'etraction  of  the  piston  a  crank  in 
attached.  Screw nvalves  prevent,  during  the  alternate  movements  of  tlie 
piston,  the  escape  of  the  liiiuid  throngh  the  a}>erture  by  which  it  entei^ 
tlie  biirrel,  and  its  t-eturu  from  the  receiver  into  which  it  ia  forced,  A 
safety-valve  of  tempered!  steel,  ground  to  a  scitt,  also  in  hardened  steel, 
with  its  graduated  lever  and  weight,  in  attached  to  the  punip  and  serves 
for  measuring  the  pressni'es  it  is  made  to  exert. 

The  construction  and  arrangement  of  the  safety-valve  and  connected 
parts  arc  shown  in  the  drawings  (Plate  II). 

Fig.  1  is  a  vertical  section  of  a  portion  of  the  pump  through  the  cen- 
ter of  the  valve,  and  peri)endicular  to  the  axis  of  the  barrel.  F  Is  a  pro- 
longation of  the  bari'el  upon  which  the  valve  is  iuouute<l.  I>  is  the  v^ve, 
fitted  to  its  scat  in  the  cup-sbaiied  top  of  the  screw  E,  which  is  perfor 
aled  through  it«  axis  to  communicate  with  the  bore  of  the  pump.  It  is 
also  fitted  into  the  cap  C  iu  such  a  way  as  to  allow  it  to  rotate  freely, 
in  onler  that  it  may  be  ground  to  the  seat  iu  the  exact  position  in  which 
it  is  to  be  used.  Fig.  2  is  a  view  of  the  valve  and  cap,  at  right  angles 
with  the  section.  An  obtuse  knife-edge  at  the  top  of  the  cap  receives 
the  pressure  of  the  lever  A.  The  valve,  ciip,  and  screw  are  all  of  tcm- 
I>ered  steel.  B  is  the  pin  on  which  the  lever  turns.  It  is  tempered  and 
polished.  The  end  of  the  lever  is  also  tempered  as  far  as  its  bearing  on 
the  valve,  and  the  hole  tbr  the  {>in  is  i>olished.  This  mode  of  construc- 
tion probably  secures  a  nearlj'  uniform  ratio  between  the  friction  aotl 
l»ressure  under  diSierent  strains.  G  is  the  weight.  The  line  of  8ii»- 
jiensioii  is  made  to  coincide  with  one  of  the  faces  of  the  stirrup,  so  tUnt 
its  relation  to  the  graduations  of  the  lever  may  be  easily  seen. 

Gauges  constructed  upon  the  plan  just  described  are,  at  their  best, 
subject  to  two  soun'os  of  imcei'taiuty :  The  friction  of  the  pin,  and  the 
impossibility  of  detei'mining  by  measurement  the  ai-ea  of  tdiat  part  of 
the  valve  actually  i-eceiving  pressure. 

For  reasons  which  will  be  hereafter  mentioned,  tliia  safety-viilve  was 
used  iu  the  measui'emeuhi  of  the  highest  pressures  employed,  not,  how- 
ever, without  previous  comparison  with  another  gauge  designed  to 
avoid  the  defects  just  mentioned,  and  specially  constructed  for  use  in 
these  e^cperimeuts.  It  will  be  called  the  ralvnlar  gauge,  for  convenience 
of  distinction  from  other  gauges  to  be  subsequeutly  described. 

Fig.  ;t  (Plate  III)  presents  a  front  elevation  of  this  inatrnment,  and 
Fiy.  4  (Plate  IV)  gi^es  a  section  at  right  angles  to  the  plane  of  projec- 
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lion  ill  Fig.  3  of  tlie  valve  aud  the  parts  most  iiearly  uoiitiected  witii  it, 
on  a  larger  scale.  The  valve,  marked  V,  and  represented  separately  in 
Fig.  <>,  i»  of  liardeneil  steel,  aud  is  inserted  in  a  stem  of  steel,  1),  which 
is  supjHirted  on  \ttt  sides,  at  it«  upper  eud,  bypassing  through  tlic  screw 
A  in  the  cros^-piece  B.  The  lower  iwrt  of  the  valve  enters  the  cavity  e 
a  short  distance,  closing  it  hy  contact  with  the  sides  of  its  circular  ori- 
lice.  This  canity  receives  the  lt<iuid  transmitting  the  pressui-e,  which  is 
romainnicated  thi-ongh  the  tube  C.  The  block  B,  into  which  the  cavity 
is  tiriUed,  is  also  of  caKts  tcel  and  hardened  at  its  upper  part.  The 
valve  was  ground  to  its  sent  with  flour  of  emery  aud  tiuished  with 
erouus,  by  rotatiug  it  iu  ita  place.  The  screw  through  whiuh  the  upper 
i-nii  of  the  valve-.stem  pasBes  is  fitted  to  a  tajieriiig  hole,  in  the  cross- 
)iiece,  and  being  slitte^l  through  its  asis,  tlio  parts  which  supiK>rt  the 
Htem  may  be  made  to  appi-oxiinnle  each  other  at  pleasure.  Both  the 
upper  imi-t  of  the  stem  and  the  bearing  parts  of  the  screw  are  t«mpei'ed 
Hiid  poUshetl,  aud  the  adjustment  in  such  as  to  avoid  friction  and  oscil- 
lation in  any  percejrtible  degree.  The  vsAve  V  has  a  conical  cavity,  r, 
;itit8  upiMir  side,  to  receive  the  point  /  of  the  hook  F,  by  which  the 
weights  with  which  the  valve  is  to  be  loadeil  are  susjicnded.  This 
point  is  also  conical,  being  slightl.v  inoi'c  acute  tliau  the  apex  of  the 
uavity,  which  last  is  situated  as  accui'ately  as  possible  over  the  center  of 
tbe  area  receiving  the  pressure  of  the  liquid.  The  tbrm  of  the  valve  is 
the  result  of  several  trials,  aud  although  froni  its  general  sha^H)  it  might 
be  exported  to  we<1ge  into  its  seat,  it  is  not  found  to  do  so,  but  is  raised 
after  hard  pressure  with  do  more  force  thau  is  required  to  lift  its  weight. 
The  bearing  surface  of  the  valve  in  contact  with  its  seat  is  too  narrow 
to  allow  of  easily  determining  its  precise  form.  The  block  E,  into  which 
tiie  cavity  e  is  drilled,  is  sup)>oi-ted  by  the  iron  frame  H  H  (Fig.  3), 
which  rests  on,  the  larger  wooKlen  one,  K  K. 

Three  scale-pans  of  different  sizes,  f<H'  receiviug  the  weights,  are  re- 
quired, as  the  larger  ones  would  alone,  iu  some  cases,  be  too  heavy  tbrthe 
liesired  pressure.  The  lightest.  Fig.  0  (Plate  V),  in  used  for  pressures 
not  more  than  5U0  i>onuds  to  the  square  iuch^  the  medium  (Fig.  7),  for 
iufssures  from  500  to  ti(K)  iwuiids;  the  heaviest,  J,  Fig.  3  (Piute  111), 
il«sigued  for  higher  iiressures,  is  repieseuted  as  suspended  iu  place  l).y 
the  hooks  F  L.  Id  order  to  avoid  danger  of  injuring  .the  iustriimeDt  in 
placing  large  weights  on  the  scale,  it  is  detached  by  r-aising  it  with  a 
lever  inserted  under  the  )iiii  /  in  the  lower  hook,  using  M  as  a  fulcnim, 
itud  turning  back  the  loop  G,  wheu  it  may  be  allowed  to  rest  on  supports 
jilaoed  under  it.  Six  •30-pouud  weights,  tour  of  lO-iKiund,  and  one  of 
'>  iKiunds,  represented  in  Figs.  8,  D,aiid  10  (Plate  V),  wei'emade  for  use 
nitfa  the  instrument.  They  are  of  cast  iron,  turned  aud  ai^ustetl  by 
<M)mparison  with  the  atandaids  at  Trenton,  furnished  to  the  State  of 
^ew  Jersey  by  the  UDit«<l  States  Department  of  Weights  and  Meas- 
ures. The  smaller  weights  made  use  of  were  not  all  of  exactly  their 
nomiiial  weight,  but  where  ditterences  existetl  they  were  accurately 
known.  The  weights  of  the  valves,  hooks  and  scales  were  also  carefully 
•iscertAined. 

A  comparison  of  tbe  pressure  of  a  column  of  mercury  of  known 
lieight  with  the  weight  ou  the  valve  of  the  gauge  requu-ed  to  balance  it, 
WHe  adopted  as  the  most  accurate  method  of  determining  the  relation 
between  the  weights  to  be  placed  on  the  scales  and  the  desired  pressures 
per  square  inch.  It  therefore  became  necessary  to  construct  an  iustru- 
ineiit  for  the  purpose. 

Tbe  mercurial  pressure-gauge  consists  of  a  cistern  of  glass  contaiuiug 
mercury,  and  a  series  of  iwrpeudicuhir  glass  tubes  attached  to  a  gradu- 
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nted  staff  and  joined  continuouely  togetber,  extending  to  the  height  of 
ry2  feet.  The  tube«  are  so  coouected  with  the  ciBtera  that  by  presNiire 
upon  the  tnirfaee  of  the  mercury  it  may  be  forced  to  ascend  tlie  tubeo. 

In  Figs.  11  and  1'2  (I'late  VI),  C  represents  the  cistern,  which  is  con- 
nected at  the  bottom  to  a  foot,  B,  by  which  it  is  securely  attached  to  the 
floor  of  the  banement,  through  the  intervention  of  the  piece  of  timber, 
A.  An  iron  cap,  D,  is  cemented  t«  its  neck,  aiMl  is  drilled  so  as  to  afford 
continuous  paRsages,  through  the  tubes  c  (Fig.  12)  and  d  (Fig.  11),  from 
near  the  bottom  of  the  ciHtern  to  the  foot  of  ;the  staff  K,  and  from  the 
orifice  s  (which  is  connected  with  the  source  of  pressure)  to  the  surface 
of  the  mercury  within.  The  tube  c  is  of  glass,  cemented  into  the  cap 
D,  and  terminates  near  the  bottom  of  the  cistern,  d  is  an  iron  tube 
screwed  tightly  into  the  c&p,  and  forming  the  communication  between 
the  cistern  and  tubes  for  receiving  the  coliimn  of  mercury.  These  tubes 
are  snpporteil  by  a  wooden  staff  composetl  of  five  pieces  {one  to  each 
tube),  provided  at  their  ends  with  suitable  coupling-irons  and  screws 
for  joining  them  together,  as  represented  in  Figs.  13  and  14,  in  which  E 
and  E  are  the  staR',  F  F,  Fig.  13,  the  tubes,  and  G  G  the  couplings. 
Fig.  15  is  un  end  view  of  one  of  the  pieces,  showing  the  horizontal  out- 
line of  the  coupling  and  (by  the  inner  dotte^l  lines)  a  horizontHl  section 
of  the  staff.  A  broad  angular  groove  in  the  front  side  of  the  staff 
allows  the  tubes  a  protected  situation..  Each  tube  is  a  little  shorter 
thanthesectionof  staff  to  which  it  is  attached,  extending  nearly  throngh 
the  castings  at  the  ends,  into  which  they  were  at  first  cemented.  It  was, 
however,  found  necessary  to  substitute  stulting-boxcH,  one  of  which  is 
represented  in  seittion.  Fig.  10.  Two  rings,  one  of  vulcanized  India 
rubber  and  one  of  leather,  formed  the  stuffing.  The  faces  of  the  coni>- 
lings  adjoining  each  other  were  brought  to  a  plane  surface  in  the  kthe, 
and  the  joining  of  the  tubes  made  perfect  by  interposing  a  ring  of  very 
thin  sheet-rubber  before  screwing  the  couplings  together. 

The  glass  tubes  were  drawn  for  the  puritose,  and  those  most  nearly 
alike  in  diameter  of  bore  were  selected,  b>  equalize,  as  neaily  as  possi- 
ble, the  efl'ect  of  oapillarj'  repulsion.  Their  internal  diameter  is  about 
one-tenth  of  an  inch. 

The  staff  is  marked  into  divisions  of  one  foot  in  length,  the  measure- 
ments being  transferred  with  much  care  from  a  rule  divided  at  the 
United  States  Department  of  Weights  and  Measures.  A  short  scale, 
divided  into  inches  and  frat'lioos,  was  used  for  measuring  the  height  of 
the  mercurial  column  between  these  lines.  Pressure  was  applied  by 
means  of  the  pump  represented  at  M,  Fig.  17  (Plate  VII),  which  need 
not  be  described. 

Although  the  cementing  of  the  cap  to  the  cistern  was  tested  at  a 
higher  pressure  than  it  could  receive  in  the  use  for  which  it  was  de- 
signed, it  failed  to  remain  tight — a  defect  which  it  became  necessary  to 
remedy  by  a  kind  of  stuffing-box  applied  to  the  neck  of  the  cistern, 
which  it  is  not  thonght  necessary  to  represent  in  the  drawing.  Asignal- 
bel),  at  the  foot  of  the  instrument,  antl  a  cord  running  up  by  the  side  of 
the  staff  to  the  garret,  afforded  means  of  communication  from  the  ob- 
server above  to  the  operator  below.  When  the  arrangement  was  com- 
pletetl,  the  control  of  the  height  of  the  column  was  such  as  to  allow  of 
giving,  at  pleasure,  many  varying  degrees  of  convexity  to  the  surface 
of  the  niei'cury  rising  from  the  end  of  the  topmost  tube  when  fiill. 

Five  tliermometers,  hanging  against  the  staff  (one  in  each  story  of  tbr 
building),  were  employed  to  ascertain  the  temperature  of  the  column. 

The  specific  gravity  of  the  mercury  matle  nse  of,  according  to  my  ilc- 
tormination,  was,  at  *J0°,  13.i)8!>,  water  at  60°  being  1. 


KEPOBT  OF  THE  CHIEF  OF  ORDSANCE.         237 

In  computing  the  pressure  of  the  column,  its  height  from  the  sarface 
of  the  raercnry  in  the  cistern  was  takeo,  and  the  conntemcting  pressure 
of  the  weight  of  the  oil  by  which  the  pressure  was  applied  was  allowed 
for  in  proportion  to  its  height  and  specific  gravity. 

The  first  comparisons  between  the  valvular  and  mercurial  presynre- 
f^anges  were  made  by  placing  them  in  direct  commuuication  with  each 
other  and  the  pnmp — a  mode  which  for  accuracy  leaves  nothing  to  be 
desired ;  but,  on  account  of  the  tedioiisness  and  expense  of  resortiug  to 
the  mercurial  gauge  (which  was  unavoidably  located  about  three-quar- 
ters of  a  mile  from  the  workshop)  to  t^t  each  modificatioa  of  the  valve, 
another  plan  was  afterwards  a<lopted. 

An  instrument  was  prepared  in  which  the  volume  of  air  at  the  tem- 
perature o^  32°  was  noted  lor  each  foot  in  height  of  the  mercurial  col- 
umn in  the  upper  part  of  its  scale.  Fig.  18  (Plate  VII)  represents  the 
instrument,  which  is  chiefly  of  glass.  The  pressure  is  communicated 
through  the  tube  B,  which  is  cemented  into  a  steel  connecting-screw,  A. 
E  is  a  quantity  of  mercury  transmitting  the  pressure  to  the  air  to  be 
compressed,  which  is  principally  contained  in  the  part  F  at  the  ordinary 
pressure  of  the  atmosphere,  but  under  pressnre  occupies  only  the  tube 
0,  or  a  portion  of  it.  This  tube,  though  nearly  cylindric  ext^orly,  has 
a  tapering  bore,  largest  at  the  bottom,  and  vanishing  at  c — the  design 
bemg  to  equalize  as  far  as  possible  the  spaces  representing  equal  incre- 
ments of  the  height  of  the  mercnrial  column.  The  scale  U  is  of  brass, 
diWded  into  160  parts,  and  attached  to  the  tube  by  two  bauds.  Only 
the  upper  one,  d,  pinches  the  tube,  to  avoid  its  displacement  by  the  ex- 
pansions and  contractions  occurring  with  changes  of  temperature.  To 
iletect  any  error  in  the  position  of  the  scale,  a  mark  is  made  on  the  tube, 
corresponding  with  the  top  of  the  sale.  Fig.  17  represents  the  arrange- 
ments for  the  use  of  the  instrument.  G  is  a  water-batb,  in  which  it  is 
surrounded  by  a  current  of  ice-cold  rain-water  flowing  ftx)m  the  pail  A, 
and  passing  out  from  the  bottom  of  the  bath  by  a  siphon  not  shown  in 
the  figare.  The  bath  is  a  glass  tube  closed  at  the  bottom,  attached  to  a 
foot,  I>,  and  furnished  with  a  wooden  dish,  B,  at  the  top.  The  water 
escaping  by  the  siphon  runs  upon  ice,  and  is  returned  at  frequent  inter- 
vals to  the' pail.  Both  this  and  the  dish  at  the  top  of  the  bath  arc  con- 
stantly supplied  with  ice.  E  and  (i  are  tubes  commnuicating  between 
the  airpressnre  gauge  and  the  pump,  and  also,  through  the  tube  F,  with 
the  mercurial  or  with  the  valvular  pressure-gauge,  as  desired.  The  cup 
K  is  used  for  replenishing  the  jmmp  with  oil — the  liquid  used  for  com- 
lanninatiug  pressnre.  A  screw-cock,  L  (nearly  concealed,  in  the  draw- 
ing, by  other  parts  of  the  apparatus),  is  interposed  between  the  pnmp 
and  the  gauges.    H  is  a  stand  for  the  support  ot  the  cock. 

The  instrument  just  described  (distinguished  by  the  name  of  "  air- 
gange"),  when  graduated  by  comparison  with  the  mercurial  gauge,  could 
be  depended  on  for  indications  substantially  identical  with  those  of  the 
latter,  and  saved  niach  labor  iu  the  work  of  perfecting  the  valvidar 
gange,  which  involved  many  alterations.  This  last  instrument  could, 
of  course,  only  be  eompnretl  with  the  others  mentioned  within  the  limits 
of  their  range  of  pressures,  which  was  but  little  more  than  twenty 
atmospheres.  These  comparisons  were,  however,  sufficient  to  establish 
the  ratio  between  pressures  indicated  and  weights  applied.  After  the 
form  of  the  valve  was  changed  to  that  shown  in  the  drawing  (Fig. 4) 
already  referred  to,  its  action  was  very  uniform.  A  weight  of  5!l.;(23 
grwns  on  the  area  of  the  valve  was  found  equivalent  to  a  pressiu^  of 
one  pound  per  square  inch. 
As  a  t«st  of  the  nniformitv  of  the  action  of  the  valvular  gauge  ab 
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prefiHiires  ttoniewhnt  )ii;r)i,>r  than  the  mercurial  ^ii^e  couki  mdicatojt 
wiis  coiiuoetcd  with  tho  iimiioiu«tru:  gnti^  showii  in  Fig.  1!»,  which  was 
capable  of  iiulk-atiiitj  a  l"i*«»ni'e  of  one  him<li-ed  atmospheres,  »ncl,  iiov 
ing  been  coiistructwl  %'cr,v  Hctiiii'ately,  it  also  served  to  give  corrobora- 
tive evidence  of  the  accunicy  of  the  computed  relations  between  lln' 
prpjtsure  per  square  inch  aii<l  the  weiglits  on  the  vahc. 

A  table  waa  prejiared,  (riving  the  weight  in  grains,  which  must  Iw 
placed  in  the  approiiriato  scale  for  each  1(KI  jMunds  )icr  square  inch  up 
to  15,000  ]H>uudH.  It  may  be  well  to  remark  that  all  the  arithmetical 
opoi-iLtions  were  proved.  It  was  customary  aluo  tbftt  the  iudividoitl 
weights  eiiiployeti  for  a  given  jiressure  should  b*'  de»i^ate<l  by  two  per- 
sons separately,  to  avoid  errors. 

Having  now  a  reliable  uieansofmeasariiig  the  pressures  to  be  npfdiHl, 
we  pass  to  the  exiteriments  relative  to  the  oompresHioa  of  oil. 

However  I'easonnble  a  cnntideuce  in  the  indications  of  the  steel  pie- 
zometer before  descrilied  iniglit  be  in  such  experiments,  there  was  out 
query  in  regard  to  tliein  whiub  it  was  (l<<sirable  to  answer  conclusively: 
*<  Does  not  enough  leakage  oG<>ur  abont  the  piston,  during  the  coiupam- 
tively  longtime  reqnireil  for  an  experiment  on  conipn'SsifHi,  to  serionrtty 
lessen  the  rcconleil  amount '. " 

The  most  satisfactory  reply  to  atl  doubts  of  this  kind  waa  evideully  to 
be  found  in  an  inde|)endent  experiment,  free  from  tbe  conditions  which 
might  be  deemed  objectionable  in  the  use  of  the  instrument  mentioned ; 
and  if  tlie  progress  of  compression  could  be  actually  seen  np  to  a  rerr 
eonsideralvle  pressure,  it  was  evidently  desirable.  The  apparatus  wbtcli 
will  now  be  described  was  de\ised  with  that  object. 

It  consists,  principidly,  of  a  glHNS  iustmment  fitr  containing  Ota  oil 
subjected  to  experiment,  and  a.  receiver  inclosing  it,  provided  with  win- 
dows through  which  tlic  changes  of  volume  could  be  \iewe<l  up  to  a 
pressnre  of  10,000  [Muiids  per  square  inch. 

The  gloss  instrument  is  represented  (in  full  sise)  in  Fig.  20  (Plat« 
YIII).  It  is  a  graduated  tube,  terminating  in  an  elongated  bulb,  C,  and 
having  a  piston,  p,  fitted  to  its  bore,  which  is  very  neu'ly  O'.OSS  in  diam- 
t«T.  T)ie  tube  was  selected  as  having  a  uniform  bore,  and  the  divisiMit 
were  marked  by  means  of  a  dividing  machine.  When  carefully  tested 
by  columns  of  mercury,  occupying  successively  different  gtarts  of  the  bore, 
they  were  found  to  be  of  apparently  imifonn  capacity.  The  nnmberinft 
commences  at  the  bottom,  and  the  lines  and  figures,  which  are  cut  upon 
the  glass,  were  blackened  to  render  them  mcHe  conspicuous.  The  capac- 
ity of  the  bulb  and  tube  to  0  of  tdie  scale  equals  3666.3  divisions  of  the 
tube.  Fig.  21  represents  the  piston  and  a  jwrtion  of  the  tube  on  an  en- 
larged scale.  Tbe  groove  m  is  occupied  by  a  ring  of  mercury,  which,  as 
a  result  of  the  cohesion  of  its  particles  and  consequent  tendency  to  as- 
sume a  surface  the  most  nearly  spherical  which  its  ]>osition  will  permit, 
acts  as  a  most  perfect  packing  for  such  extremely  small  pressure  as  is 
required  to  overcome  its  tVictton.  The  sharp  outline  of  the  lower  sideof 
the  piston  is  favorable  to  accurate  observation.  The  proper  proportion 
between  the  bore  of  the  tube  and  tlie  capacity  of  the  bulb  was  learned 
from  previous  exi>eriments.  A  rack,  B  (the  teeth  of  which  are  on  the 
side  not  in  view),  is  att«cbe<1  to  the  pieaometer  by  a  band,  A,  and  when 
acted  on  by  a  pinion  oonneirted  with  tho  receiver  iu  which  the  instmmeot 
is  inclosed  during  the  experiments,  serves  to  bring  any  desired  jmrtion 
of  the  graduated  tube  opposite  the  windows  for  otMervation. 

The  receiver  is  represented  in  Fig.  22.    Two  iron  tubes,  F  and  K,  are 
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Btrewed  into  the  opi>osite  sides  of  a  central  block  of  iron,  G,  rflucli  is 
cubic  ill  it8  general  form,  but  haa  sbort  cyltiidrieal  projections  from  the 
Dp]>er  and  lower  sides,  into  wliicli  tbe  tubes  are  Inserted.  Tlie  block  is 
drilled  through  vertically,  making  a  communication  between  the  tubes 
of  tlie  fall  size  of  their  bores.  The  outlines  of  the  bores  of  the  tubes  and 
otiier  parts,  as  they  woHld  be  seen  in  section,  are  given  in  dotted  lines. 
The  lower  end  of  the  tube  K  is  clos«l  by  a  solid  steel  screw,  L.  To  the 
npper  end  of  the  tube  F  is  fitted  a  steel  screw,  E,  drilled  through  its 
center,  and  connecting  the  receiver  to  the  brass  tube  J)  cominnnicating 
with  the  compressing  pump  and  pressure-gange.  Two  glass  windows, 
one  for  observation  and  the  other  for  the  admi.'^sion  of  the  neee«.'*ary 
light,  are  situated  in  two  oppo.site  sides  of  the  block  G.  The  position  of 
one  is  shown  at  J.  They  are  made  in  the  form  of  a  truncated  cone  (but 
having  tbeiF  bases  chamfered,  as  represented  in  Fig.  23),  and  are  fitted 
to  conical  cavities  with  their  bases  inward.  Fig.  24,  which  is  a  horizontal 
section,  at  full  size,  through  the  center  of  the  windows  (as  well  as 
throngh  the  axis  of  the  pinion),  will  give  an  idea  of  the  manner  in  which 
they  are  inserted ;  X  and  N  are  the  glasses.  The  shaft  O  of  the  pinion 
P  is  fitt«d  into  the  screw  H,  entering  the  side  of  the  receiver  in  a  mode 
whic))  will  he  understood  by  inspection  of  the  drawing.  The  outer  end 
rf  the  shaft  is  squared,  to  be  received  into  a  socket  The  rack  attached 
tftthe  glass  piezometer  is  held  iuto  gear  with  the  pinion  by  a  portion  of 
Ae  inner  end  of  tlie  screw  bronght  into  the  form  of  a  guide  for  that  pur- 
pose. A  portion  of  the  rack  with  the  pinion  is  represented  in  Pig.  25.' 
The  water-bath  for  regnlating  the  teniperatuxe  of  the  receiver  and  its  con- 
tents is  represented  in  Fig.  26.  It  is  a  rectangnlar  bos,  made  of  sheet  tin, 
aid  incased  in  ^inch  boards.  It  bas  windows  to  correspond  with  those  of 
ttie  receiver.  The  receiver,  of  which  the  position  is  shown  by  the  dotted 
tines  is  supported  by  a  shelf  immediately  below  the  windows,  having  » 
eircnlar  hole  to  receive  it.  A  shtHi;  tube,  B,  projects  from  the  sideof  the 
hath,  opposite  to  the  shaft  of  the  pinion.  Into  this  is  inserted  a  cork, 
ftrongh  which  ia  passed  a  shaft,  8,  having  a  socket  to  fit  the  squared  end 
of  the  pinion-shaft,  and  a  milled  head,  T,  by  which  it  may  be  turned. 

The  gtasB'  piezometer  is  filled  with  oil  for  compression  by  forcing  it 
tluviagh  fh  small  tube  descending  throngh  the  bore  and  nearly  to  the  bot- 
tom of  the  bnlb  of  the  instrument,  which  is  {ilaced  perpendicularly  to 
pemiit  the  escape  of  the  air.  The  stream.of  oil  must  be  continued  while 
the  small  tube  ia  withdrawn,  so  that  it  may  leave  no  vacuity. 

The  introduction  of  the  piston  with  its  packing  is  accomplished  thus: 
After  placing  the  instrument  horizontally,  a  small  quantity  of  mercury 
[enough  to  occupy  a  space  two  or  three  times  the  diameter  of  the  bore 
m  length)  is  made  to  occupy  the  intended  place  of  the  piston  by  the  aid 
of  a  snitable  syringe.     The  piston  is  then  introduced  and  passed,  by 

*  In  flrat  teetiiiK  tbia  recoiver  liy  prewiuro,  the  sIbbs  inserted  in  the  screw  H  began 
to  show  aigne  of  Eritoture  at  a.  {ireiwure  of  about  5,000  ponnda  pel  square  inch,  but  kept 
is  its  place,  leaking  not  faster  than  a  drop  per  minute,  at  a  pressure  of  nearly  10,000 
pounds.  On  removing  the  glass  it  whs  found  to  be  Split  into  oiirved  laminie,  fornuDg 
anhes  fVom  oppoeit«  aidea  of  tlie  ruTity  to  whicb  it  was  fitted.  The  parts  were  not 
■entirely  separated,  but  adhered  in  their  original  form.  From  the  appearance  of  the 
fractuie  it  waa  auppoaed  that  the  fitting  hadnot  bMn  sufficiently  exact,  and  another 
kIsss  was  fitted  with  apecial  care.  This  began  to  fail  at  about  the  same  pressure  as 
the  other,  and  at  a  pressure  between  7,000  and  g,000  ponnds  per  square  inch  it  shot 
from  ttH  place,  being  cruslied  into  aaud.  Aft«r  a  renewed  examination  into  the  oaiise 
■>(  failure,  it  was  found  that  the  steel  screw  into  wbioh  tbo  window  was  (itted  waa 
slightly  sprung  fttim  its  proper  form  in  consequiMii^e  of  a  want  of  sufflciently  accurate 
workmanship.  This  was  reme<lied  and  another  glass  fitted,  which  remains,  ue  does 
the  one  in  the  oppa»it«  side  of  the  receiver,  without  visible  iiynry. 
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means  of  a  wire,  through  the  oil,  meetiag  with  extremely  slight  resist- 
ance nutil  it  reaches  the  nieroury.  Wlieu  it  t4}uche3  the  mercury,  the 
open  end  of  the  instrument  should  be  depressed,  and  the  piston  pushed 
in  until  there  remains  bat  a  very  small  globule  which  has  not  passed  the 
inner  face  of  the  piston,  it»  grooves  being  filled.  The  diameter  of  the 
globule  may  be  estimated  very  nearly  by  comparison  with  the  bore  of 
the  tube,  and  allowance  made  for  the  diminution  of  the  capacity  of  the 
instrument  which  it  occasions.  Its  compreasibility  differs  so  little  from 
that  of  the  glass  that  the  amount  would  be  inappreciable.  The  mercnry 
which  has  passed  the  piston  should  be  removed  by  a  syringe  and  the 
iostrament  returned  to  its  perpendicular  position,  when  the  globnle  be- 
fore mentioned  will  of  course  fall  to  the  bottom. 

Before  placing  this  instrument  in  the  receiver,  its  open  end  was  cov- 
«-ed  by  a  loosely-fitting  cap,  to  prevent  the  little  particles  liable  to  be 
washed  from  the  coonectiDg-tubes  ftom  etit^iug  it  and  perhaps  ctoggmg 
the  piston  in  its  upward  movements: 

When  the  instrument  was  properly  inclosed,  the  rack  being  attached 
to  it  and  in  gear  with  the  pinion,  the  remaining  space  in  the  receiver  vas 
filled  with  oil,  and  the  whole  was  placed  in  the  bath,  as  represented  is 
Fig.  26;  connected  with  the  pump  and  pressure-gauge  i  and  covered  witk 
water  at  the  temperature  of  6(P  Fahr.,  which  was  the  temperature  em- 
ployed in  the  first  experlmeot-s.  Any  perceptible  variation  from  this 
was  corrected  or  prerente:!  by  ths  adiitiou  of  sm^ll  quantities  of  water 
at  a  lower  temperature,  the  apirtmsnt  bding  a  few  degrees  warmer  tbiin 
the  bath.  The  water  wa^  put  in  frequent  motion  by  a  dasher  moved 
perpendicularly,  that  the  heat  might  bu  equably  distributed.  A  "  chem 
ical  thermometer"  of  tolerable  accuracy  was  used  to  determine  the  tem- 
perature (the  same  which  was  made  the  standard  iu  the  use  of  the  guas), 
and  was  constantly  viewed  iu  the  same  position. 

At  6U°  the  oil  stood,  before  the  application  of  pressure,  at  195.9  on  the 
scale  of  the  instrument.  The  decimal  parts  of  a  division  are  given  from 
estimation  only,  but  apracticed  eye  need  never  make  an  error  of  O.l.  Tlie 
attainment  of  the  desired  pressure  in  any  case  was  known  with  e*|ual 
readiness  to  both  the  person  working  the  pump,  whose  duty  it  was  l« 
observe  the  pressure-gauge  also,  and  the  observer  of  the  compression— 
to  the  former  by  the  rather  sudden  eBcajM;  of  a  little  oil  at  the  valve,  au<l 
to  the  latter  by  a  correspondipg  short  retrocession  of  the  piston.  After 
first  bringing  the  pressure  to  'the  desired  degree,  it  was  slowly  repejited 
several  times,  to  afford  an  opportunity  for  accurate  observation  of  tlif 
lowest  point  attained,  which  was  immediately  noted. 

The  experiments  on  the  compression  of  oil  at  60°  were  made  in  pre 
cisely  the  same  way  and  witliout  any  alteration  of  the  apparatus.  Tlie 
irregularity  occurring  between  the  pressures  of  7,600  pounds  and  8,000 
pounds  induced  a  repetition  of  that  part  of  the  experiments,  but  no  error 
could  be  found  in  the  weights  or  otherwise. 

The  following  table  gives  the  height  of  the  oil  in  the  instrument  ut 
given  pressures  and  both  tenii^eratures : 
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Cot>^pttitioit  of  nil  vmAet  viMial  ofoerratfun. 

Height  of  oil  In  divlilous  at  iBi^aineiit. 
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The  limita  of  the  strength  of  the  oonnecting  tabes  were  known  not  to 
mnch  exceed  10,000  ponnds  per  square  incli,  and  for  that  reason  the  pres- 
anre  was  not,  at  first,  carried  higher;  but  after  completing  these  experi- 
ments it  was  attempted  to  increase  it,  and  the  result  was  the  bursting  of 
one  of  the  tube«.  After  replacing  this,  the  trial  was  renewed  with  the 
Bameresnlt.  Theremaiuingespenmente  were  made  with  the  steel  piezom- 
eter inclosed  in  the  cast-steel  receiver  represented  in  Fig.  27,  which  could 
be  connected  with  the  pnmp  by  a  much  stronger  tabe.  The  absence  of 
tubes  of  sufficient  strength  for  connecting  the  pump  with  the  valvular 
gauge  led  to  the  use  of  the  aafety-valve  of  the  pump  for  measuring  the 
higher  pressures.  That  this  might  be  done  with  as  much  accuracy  as 
possible,  careful  comparisons  were  made  between  it  and  the  first-named 
gauge  up  to  10,000  pounds.  The  piezometer  was  filled  and  set  in  the 
same  manner  as  for  use  in  the  gun.  The  receiver  was  immersed  in  a 
water-bath  kept  at  the  p^per  temperature. 

The  pressures,  temperatures,  and  length  of  stroke  are  given  below. 

Comjvmiiim  of  oil  in  <(eel  pifiani«ler. 


p™.„ 

Leogthofitnikeftl- 

Per  wiMTO  Inch. 

w> 

M= 

PemAt. 

II 

2S;000 

o.n»o 

O.SMl 

0.32M 

A  comparison  of  the  apparent  compression  of  the  oil  in  the  glass  ia- 
f>trmnent  with  that  of  the  oil  in  the  steel  piezometer  at  the  same  tem- 
lieratnre  and  pressure  (66°  and  10,000  pounds  per  square  inch),  shows 
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it  to  be  greater  in  the  latter  jnstrnment — a  Tariation  which  is  in  the 
opposite  direction  &om  that  which  woohl  occur  from  leakage  of  the 
piaton  during  compression. 

In  the  glass  instrament  the  apparent  compression  amounts  to  3.039 
per  cent. ;  in  the  steel  one  (as  computed  &om  the  weight  of  oil  contained, 
Its  specific  gravity  and  consequent  volume,  and  the  measured  diamet«r 
.  of  the  piston)  to  3.273  per  cent — the  difference  being  about  one-flfteenth. 
This  may  be  accounted  for  by  supposing  the  steel  to  be  less  compressi- 
ble than  the  glass  to  that  extent. 

It  was  thought  moat  proper  to  ossame  the  strokes  of  the  steel  pie- 
Eometer  to  be  the  true  indices  of  the  pressure  to  which  it  was  subjected, 
and  to  consider  the  indications  of  the  glass  instrament  as  proportional. 
In  accordance  with  this  idea  the  following  table  was  made,  which  pre- 
sents the  compression  as  observed  in  the  glass  piezometer  in  multiples 
of  the  capacity  of  one  division  of  the  tube,  and  the  correspondiog 
stroke  of  the  steel  piezometer. 

Compremibililji  of  oil  in  glan  and  in  iteel  piezometer  eomparod. 
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In  order  to  give  these  results  a  form  in  which  tliey  would  be  easily 
applicable,  they  were  expressed  by  geometrical  constructioo^on  the  same 
scale  as  they  are  given  in  the  accompanying  diagram  (Plate  IX),  ou  plan- 

faper  accurately  printed,  in  squares  of  Vo  inch,  from  an  engraved  plate, 
he  line  of  compression  at  60°  is  drawn  m  full  line,  and  at  60°  in  dotted 
line.  , 

As  will  be  seen  by  inspection  of  the  diagram,  pressure  is  representeU 
by  horizontal  distance,  and  compression  by  verticaL  Each  tenth  of  an 
inch  of  the  stroke  of  the  piezometer-piston  ie  represented  by  two  inchei 
of  vertical  measurement,  and  each  thousand  pounds  by  one  inch  lion- 
zontally. 

The  pressures  in  the  table,  subsequently  given,  of  the  results  of  ex- 
periments on  the  pressure  of  fired  gunpowder,  were  taken  from  tbis 
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geometrical  table,  which  maybe  read  with  considerable  certainty  to  iuter- 
vala  of  &\e  itoonas. 

There  remains  to  be  noticed  in  this  connection  the  necessity  of  a  cor- 
lection  of  the  pressure  aa  derived  from  the  length  of  the  stroke  of  the 
piezometer  when  produced  by  the  sudden  action  of  gunpowder.  The 
compression  of  a  fluid  is  attended  with  the  evolution  of  more  or  less  heat. 
If  the  compression  is  slowly  produced,  and  the  fluid  is  in  contact  with 
good  conductors,  the  heat  so  generated  will  be  carried  off  nearly  aa  fast 
fts  it  is  produced,  and  no  perceptible  elevation  of  temperature  may  result. 
If,  however,  the  compression  is  suddenly  effected,  the  heat  evolved,  lisv- 
ing  no  time  for  diffusion,  elevates  tlie  temperature.  This  rise  of  tem- 
perature reduces  the  extent  of  compression  by  an  amount  equal  to  the 
expansion  which  would  be  due  to  that  tomperature  applied  to  the  fluid 
under  tbe  pressure  employed.  The  amount  of  this  difference  has  not  yet 
been  ascertained,  but  data  which  lack  the  precision  necessary  to  exact 
results  indicate  that  the  correction  dne  to  this  cause,  which  increases 
with  both  depression  of  the  temperature  of  the  liquid  compressed  and 
iocrease  of  pressure,  is  not  unimportant.  No  attempt  has  been  made, 
however,  to  introtluce  this  correction  into  the  results  subsequently  pre- 
sented of  the  experiments  with  the  piezometei-.  The  subject  has  been 
reserved  in  hope  of  future  experiments,  for  which  apparatus  has  been 
partially  prepared. 

We  now  arrive  at  the  exi>eriment8  in  which  the  piezometer  was  used 
to  record  the  compressions  produced  by  the  pressure  of  fired  gunpowder 
onder  various  conditions,  and  from  which  tbe  pressures  were  to  be  de- 
rived. They  were  ma<le  at  Washington  Arseu^,  District  of  Columbia, 
commanded  byMaj.  Alfred  Mordecai,  whose  hearty  co-operation  in  their 
conduct  demands  tliankful  recognition. 

Two  6ix-pounder  guns,  one  of  iron,  the  other  of  bronze,  were  used  in 
these  experiments.  Tlie  diameter  of  the  bore  of  each,  at  the  seat  of 
tbe  shot,  was  3".69,  very  nearly.  The  iron  gun  was  used  in  the  first 
three  experiments,  in  which  the  piezometer  was  attached  to  the  bottom 
of  the  bore.  It  was  afterward  pierced  through  its  side  to  receive  the 
piezometer  inclosed,  as  already  described,  in  a  hollow  steel  plug,  the 
center  of  the  opening  being  1".5  forward  of  the  bottom  of  the  bore.  It 
was  used  in  this  form  in  several  experiments.  The  bronze  gun  was, 
however,  used  iu  the  greater  number.  It  was  pierced  with  nine  holes  at 
different  distances  from  the  bottom,  beginning  at  1  inch  and  ending  with 
17.8,  as  shown  in  the  accompanying  drawing  (Plate  X)  and  specifletl  in 
the  accompanying  tables.  They  were  arranged  alternately  to  the  right 
and  left  of  the  central  vertical  plane,  in  the  upper  half  of  the  gun,  and 
inclined  4d°  to  that  plane. 

A  solid  plug  was  fitted  to  each  hole,  and  was  withdrawn  only  to  ijer- 
init  the  insertion  of  the  piezometer. 

Small  holes  to  receive  a  thermometer  with  an  elongated  bulb  were 
drilled  near  the  oitenings  mentioned  above,  extending  to  within  a  short 
distance  from,  the  boie. 

Several  experiments  were  made  to  ascertain  pressnres  in  a  masket 
barrel.  A  portion  of  the  bore  at  the  breech  end  was  enlarged  enough 
to  receive  the  piezometer,  and  was  separated  &om  the  forward  portion 
by  a  ring  screwed  to  place  and  a  leaclier  disk  closing  its  opening,  as  de- 
scribed in  connection  with  the  hollow  plug.  The  piezometer  was  intro- 
duced from  the  rear,  the  suiTounding  space  filled  with  oil,  and  the  breech- 
ptng  inserted  afterward.  A  vent  of  tlie  normal  size  was  drilled  Just 
forward  of  tlie  partition  formed  by  the  ring  and  disk  just  mentioned. 

It  has  already  been  intimated  that  the  temperature  at  which  the  pie- 
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zometer  was  set  was  that  at  which  the  guD  was  to  be  fired.  In  the  earlier 
experimeuts  the  method  by  which  it  was  intended  to  efiect  this  was  by 
inclosing  the  instroment,  ready  to  be  set,  in  the  gun  for  a  soffitaent  time 
to  equalize  their  temperatore — which  was  left  to  merely  atmospheric  in- 
flnencea.  The  instmmentwas  then  withdrawn,  quickly  set,  and  returned, 
and  the  gun  fired  without  delay. 

It  was  afterward  found  that  the  gun  changed  its  temperatore  sensibly, 
iron)  changes  of  wind  and  sky,  in  shorter  intervals  than  was  supposed. 
To  avoid  the  errors  liable  to  arise  from  this  cause  the  practice  was 
changed.  The  instrument  was  set  at  a  determinate  temperature,  higher 
than  that  of  the  outside  air  but  lower  than  that  of  the  arsenal  worlt- 
fihops.  The  gun  was  run  into  tbe*shops  (near  by)  for  a  short  time  in 
the  interval  between  the  experiments  Emd  made  slightly  wanoer  than 
the  firing  temperature.  The  piezometer  was  then  properly  inserted,  the 
gnn  taken  outside,  and  when  cooled  to  the  proper  point  the  thermometer 
was  removed  and  the  gnn  fired  by  a  primer  already  inserted. 

The  various  charges  ufied  in  the  experiments,  witli  tiie  varied  dtcam- 
stauces  and  results,  are  given  in  the  following  table : 
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Mea»tiremtHti  of  hrojut  gun  b^ore,  duriitg,  and  i^fltr  lie  experimenU. 
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It  will  be  noticed  that  in  four  iastancea  the  stroke  of  the  piaton  vas 
nndetermuied  in  conaeqnence  of  the  "  vanishing  "  of  the  line  on  the  pis- 
ton-stem without  distinct  termination.  After  a  little  consideration,  tbc 
cause  assigned  to  iJiis  occurrence  was  that  under  particularly  heavy 
pressures,  prodncing  a  long  and  quick  stroke,  the  escape  of  the  oil  from 
the  tubular  support  of  the  marking-point  (caused  hy  the  entrance  of  the 
piaton-stem)  was  so  much  resisted  in  consequence  of  the  want  of  snlS- 
cient  escape-holes  that  a  pressure  sufBcient  to  wholly  counteract  that  of 
the  spring  on  the  marking-point  was  brooght  to  bear  upon  it  ftom  within. 
That  this  was  a  correct  conclusion,  seems  to  have  been  attested  by  tlie 
results  following  the  enlargement  of  the  escape-holes,  as  not^  in  the 
table. 
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According  to  our  experiments,  the  maximum  pressures  which  differ- 
entportionB  of  the  sides  of  the  bore  of  the  gun  must  sustajn,  with  a  given 
charge,  do  not  always  diminish  with  their  iocreaHCd  distance  from  the 
bottom  of  the  bore.  This  has  been  thought  to  cast  doubt  on  the  correct- 
nesH  of  the  indications. 

That  the  pressure  at  each  particular  part  of  the  bore  does  not  regu- 
larly reach  its  height  and  continuously  decline,  will,  it  is  beUeved,  ap- 
pear from  an  examination  into  the  movements  of  the  gases  in  the  gun. 

To  begin  with  the  simplest  case,  we  will  suppose  the  gases  to  occupy 
a  space  which  remains  for  a  sensible  time  the  same.  That  the  tension 
of  the  gases  behind  the  ball  is  not  uniform  might  be  expected,  and  will 
appear  from  the  indications  of  our  iastrnment  in  the  experiments.* 

The  average  pressure  indicated  atdtifereot  distances  from  the  bottom 
of  the  bore,  the  charge  being  in  each  case  1^  pounds  of  powder,  in  a 
cartridge-bag,  and  one  C-pounder  shot,  is  given  below: 

Diituce  from  the  Preunnper 

botlom  of  bar«.  Bq,  tn. 

l-inch  (bronze  gnu) 20, 210  poaDdtu 

li  "     (iM>n  gun; 18,150       " 

4    "      (bronze  gnn) 16,510       " 

The  condition  of  the  gases  will  be  represented  in  the  diagram  of  the 
bore  and  its  contents,  given  below,  by  marking  the  space  they  are  sap- 
posed  t«  occupy  with  lines  varying  in  breadth  according  to  the  tension. 

It  is  evident  that  a  difference 
of  tension  amounting  to  3,800  Kg,  I 

pounds   In   the  distance  of  3  ^[|i||ii||u^ ; j 

inches  will  not  allow  the  gases  to  ™IHIIII^ ^ ■ — -^ 

remain  in  qniescence,  but  must  ^^8-^ ■    ■ 

g've  rise  to  vibrations  of  great  [||[1||)|IK^  .^ 

roe,  and  alternations  of  tension 
such  HS  are  represented  in  the  diagrams  1st  and  2d.    A  just  impression 
of  their  force  requires  the  recollection  that  the  weight  of  the  gases  is  the 
same  as  that  of  the  powtler  fW)m  which  they  were  generated. 


Evidences  of  vibration  are  to  be  seen  in  the  marks  on  some  of  the  piez- 
ometer wires.  The  center  of  gravity  of  the  piston  does  not  lie  in  the 
tine  of  its  axis,  and  in  some  cases  the  recoU  of  the  gun  has  caused  a  par- 
tial rotation  of  the  piston  during  the  formation  of  the  line  on  its  stem. 
The  sketch  In  the  margin  represents,  proximately,  a  line  on  one  of  the 
vires  (as  it  appears  under  the  microscope],  the  piston  having  rotated 
nearly  do©  during  its  fommtion.  The  effect  of  an  enlargement  of  the 
space  daring  the  vibration,  such  as  actually  occurs,  will  evidently  be  to 
increase  the  amplitade  of  the  vibrations  and  to  diminish  their  frequency 

'The  cause  of  this  difference  of  tension  will  be  found  in  the  reaction  of  the  expand- 
ing K&sM  of  the  fbrward  part  of  the  charge  upon  that  in  the  rear  ;  each  atralam  of 
powder  <)ppoaing  the  expansion  of  that  behind  it  not  only  by  its  dead  inaftts,  bnt  by 
'■^king  It,  90  to  s|ieak,  a  point  d'appui  in  giving  motion  to'  its  own  partlclee.  The 
effect  of  this  cause  is  strikinglj  exhibited  by  the  pressnrcs  exerted  near  the  bottom  of 
the  bore  by  different  blank  ohargee.  Tbe  pressure  indicated  by  the  piezometer  at  1 
inch  fntm  the  bottom  was:  with  1 J  lbs.  powder,  5,480  lbs.  per  square  inch:  n-itb%lbs., 
VWi  with  3  lbs.,  14,880. 
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and  force.  The  amonnt  of  tliia  effect,  and  the  number  of  TibrationB  oc- 
cnrring  before  the  ball  leaves  the  giin,  viU  depend,  other  things  beiog 
equal,  on  the  weight  of  the  ball.  The  flgwrea  below  are  designed  to  illoa- 
trate  the  character  of  the  variations  of  tension  occurring  while  the  bsU 
is  leaving  the  bore : 


•Hi 


«■ 


Adopting  another  mode  of  illastration  and  repre- 
senting tension  by  perpendicular  distance  fh>m  a 
horizontal  line — the  waved  line  A  B  will  denote  the 
maximam  pressure  sustained  bj  the  different  parts 
of  the  bore.  The  supposed  limits  of  the  cavity  dur- 
ing die  SQCcessive  vibrations  are  given  in  vertical 
lines.  If  a  true  explanation  of  the  action  of  the 
gases  has  been  given,  there  will  be  no  difBcnlty  in 
accounting  for  the  fact  that  the  indications  of  our 
instrument  do  not  give  the  pressures  at  different 
parts  of  the  bore  the  order  of  their  distances  fixmi 
the  bottom,  as  do  the  pistol-ball  velocities  obtained 
in  the  experiments  made  with  Colonel  Bomford's  ap- 
paratus at  Watertown  Arsenal  in  1842.  The  latter 
present  a  comparative  indication  of  the  average 
rather  than  the  maximum  pressure  during  its  action 
on  the  balls.  ' 

The  capability  of  the  piezometer  to  measure  pres-  "4 
snres  of  much  more  brief  duration  than  the  time  of 
the  passage  of  the  ball  through  the  pistol-barrel  will 
appear  from  a  comparison  of  the  inertia  to  be  over- 
come in  each  case.  The  weight  of  the  piston  and 
stem  is  20  grains,  and  the  resistance  of  the  ineri^ia 
of  the  oil  is  equivalent  to  that  of  about  36  additional  grains,  while  tlie 
weight  of  the  pistol-ball  is  218  grains.  After  taking  into  aceount  the  dif- 
ferences of  area  and  the  mode  of  action  in  the  two  cases,  I  think  it  may 
be  safely  concluded  that  the  piston  will  have  reached  ita  extreme  positiim 
as  soon,  at  least,  as  the  ball  has  passed  through  the  same  distance. 

The  sui>erior  practical  importance  of  determining  the  greatest  instead 
of  the  average  pressure  upon  the  sides  of  the  bore,  with  reference  to  the 
construcUon  of  guns,  is  evident  £ix>m  the  fact  that  the  strength  of  the 
gun  must  be  adapted  to  the  former  and  not  to  the  latter.  The  inade- 
quacy of  the  mode  of  determining,  even  relatively,  the  amount  of 
pressures  of  very  brief  duration  by  the  initial  velocities  of  balls  projected 
by  then  is  shown  by  the  effects  of  detonating  powders  used  in  fire-arms: 
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the  barrel  may  be  8batt«red  wliile  the  ball  is  throwii  witb  comparatively 
little  force. 

The  effect  of  increasing  the  charge  of  powder,  compared  witb  that  of 
increasiDg  the  weight  of  the  projectile,  iu  au^enting  the  pressure  was 
unexpected,  and  has  to  some  seemed  almost  incredible;  atthongb,  as  is 
Dot  surprising  ia  regard  to  a  Bubject  of  such  a  nature,  opposite  views 
are  held  by  men  thoroughly  cooversaut  with  artillery. 
The  meau  of  the  pmsnTM  indicated  At  1  inch  from  the  bottom  of  the 

boTe,  witb  a  chuge  of  If  pounds  of  powder  and  a  ball  weighing,  witb 

its  sabot,  6.3  pounds  nearly,  was 80,210  ponmls. 

With  the  same  charges,  at  H  Inches  fh>m  the  bottom 18,150       " 

With  1}  poanda  powder  and   a  shot  weighing  12.15  ponnda,  at  1^ 

ioches  from  bottom 90,743       " 

WithSponnde  powder  and  a  ball  of  6.36 pounds,  atl  inch  firom  bottom.  20,640       " 
WithSpounds powder  andaballof  6.43  pounds,  at  1  inch  fi;«mbott«m.  22,230       " 

The  pressure  in  the  cases  in  which  shot  of  12.15  pounds  weight  were 
used,  reduced  to  that  which  would  be  indicated  at  1  inch  &om  the  bot- 
tom of  the  bore,  oa  the  supposition  that  the  same  difference  would  exist 
as  with  the  smaller  charges,  would  be  22,700  pounds,  indicating  that 
the  effect  of  doubling  the  weight  of  the  ball  (but  with  ditninished 
wmdage)  is  not  very  different  from  doubling  the  weight  of  the  powder— 
instead  of  increasing  the  pressure  in  a  much  greater  ratio,  as  some  have 
supposed. 

The  results  of  the  experimects  with  the  mnstet-barrel  accord,  so  far 
as  they  admit  of  comparison,  with  those  jnst  stated.  The  manner  in 
which  an  increased  charge  of  powder  may  be  supposed  to  affect  the 
pressure  has  already  been  referred  to,  and  illustrated  by  reference  to 
Che  experiments  with  blank  charges.  The  resistance  of  the  forming 
cases  in  that  part  of  the  charge  which  is  least  confined,  to  the  expan- 
sion of  Uiose  in  other  parts  of  the  charge,  is  perhaps  most  strikingly 
illostrated  by  the  action  of  the  fulminates,  which,  in  qutmtities  of  a  few 
p^a,  will,  as  is  well  known,  tear  in  pieces  a  brass  or  copper  plate  npon 
vhich  they  are  gently  heated. 

The  variations  of  pressure  sustained  by  the  gun  when  fired  with 
charges  very  nearly  the  same  are  greater,  as  might  be  expected,  than 
the  variations  of  initial  velocity  imparted  to  the  ball  under  similar  cir- 
cumstances. 

When  the  combustion  of  the  jiowder  ta^es  place  with  more  than 
average  rapidity,  the  pressure  in  the  flrst  instants  of  the  explosion  is 
augmented,  but  its  action  on  the  ball  is  not  so  well  sustained  as  in  the 
rase  in  which  the  combustion  is  more  slow  and  consequently  longer 
continued. 

The  following  table  of  initial  velocities  of  6-pounder  balls,  extracted 
from  a  table  in  Major  Mordecai's  "Second  Beport"  of  bia  experiments 
on  gunpowder,  will  seri'e  for  the  comparison : 

Initial  celociiiea  of  balh  fired  froM  a  S-ptntnder  gvn. 


Powder,                             1              Shot. 

Inlttal  Te- 

Weigbt.                     1  H«ighl.     WciKht. 

DU.. 

locltj. 
Fl.perKc'd. 

IS 

1638 
1.4«B 

J             Pnnd,. 

4?            O-IS 

j\ 
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Ejiract/rom  an  article  "On  the  Pretsure  of  Fired  Gunpowder  in  itt  Prat- 
tical  Applicatiotu,"  by  William  E.  Woodbridge,  M.  D.,  American  Journal 
of  Science  and  Aria,  Sepl£mber,  1856,  re/erred  to  in  Major  Mordecars 
letter  of  Kwemher  3, 1856. 

[After  reference  to  the  experiment  of  Count  Rtimford,  who  estimatctl 
the  preasnre  of  ^npowder  fired  in  a  space  whfi-h  it  filled  at  not  leas 
than  54,750  atmospheres — &om  an  erroneons  estimate  of  the  strength 
of  big  eprouvette,  which  was  burst  by  ttie  charge — the  following  ex- 
periment is  given :] 

"The  following  experiment  seems  to  show  that  the  extreme  force  of 
gunpowder  fired  in  small  quantities  does  not  exceed  6,'iOO  atmospheres. 

"I  inclosed  in  ahollow  cylinder  of  cast  steel,  1 J  inches  in  exterior  diame- 
ter and  one- fourth  of  an  inch  in  diameter  interiorly,  20  grains  of  Hazzard's 
Kentucky  rifle  powder,  which  filled,  loosely,  the  cavity.  This  was  fired 
by  a  flash  of  powder  penetrating  through  the  aperture  of  a  valve  (of 
steel)  opening  inward,  bnt  designed  to  prevent  the  escape  of  gas  out- 
ward. The  cylinder  was  not  mptiu^d,  and,  being  put  under  water,  no 
gas  was  found  to  escape  (the  weight  of  the  instmment  was  too  great 
to  test  the  loss  of  gas  by  my  scales).  On  pressing  in  the  valve  by  meanfl 
of  a  screw,  an  abundance  of  gas  escaped,  carrying  with  it  the  odor  of 
sulphuretted  hydrogen.  The  seat  of  the  valve  was  found  to  remain  per- 
fect J  a  fact  which,  when  compared  with  a  former  trial  in  which  the 
gases  escaped  in  consequence  of  a  slight  defect  of  the  valve,  is  presump- 
tive proof  of  its  immediate  action.  The  residuum  was  found  to  weigh 
10,45  grains.  The  calculated  strength  of  the  cylinder  would  be  equal  to 
an  interna!  pressure  of  about  9.1,0fK)  pounds  i>er  square  inch,  or  6,200 
atmospheres  of  15  pounds." 


■Washington,  November  20, 1878. 

Sir:  In  the  account  of  expcrimente  on  the  pressure  of  fired  gun- 
powder which  I  had  the  honor  to  fornish  to  your  .predeceasor  in  com- 
mand of  the  Ordnance  D^artment  in  the  year  1855,  and  which  I  learn 
is  about  to  be  printed,  tJiere  is  mention  of  a  correction  necessary  to 
render  the  indications  of  a  piezometer  exact,  and  an  intimation  of  data 
aacertaiued,  which,  though  not  sufficiently  precise  to  afford  exact  re- 
sults, nevertheless  showed  tliat  the  correction  was  not  unimportant 

It  was  at  that  time  hoped  that  further  experiments  would  be  insti- 
tuted  to  determine  this  correction  with  accuracy.  Since  this  has  not 
been  done  it  may  be  of  interest  to  state  the  method  by  wliich  tlie  data 
referred  to  were  obtained  and  tlie  principles  by  which  Uiey  were  applied 
in  reaching  the  conclusion  stated. 

I  have  done  this  in  the  accompanying  communication,  adding  some 
suggestions  as  to  a  proper  mode  of  supplying  the  correction  spoken  of. 
Euid  as  to  the  relative  accuracy  of  the  method  of  measuring  powder- 
pressures  by  the  compression  of  a  liquid. 

I  have  the  honor  to  remain,  very  respectfully,  your  obedient  serx'aut, 
W.  E.  WOODBRIDGE. 

Genera!  S.  V.  BBirfcT, 

Chief  of  Ordnance. 

DigitzedbyGOOgle 
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Remarka  on  the  "  correctUm^  referred  to  in  the  preceding  account  of  expert- 
ntentg  on  the  preuure  of  fired  gunpomler,  ana  on  the  relative  accuracy  0/ 
thetnethod  therein  described. 

When  the  experiments  on  the  con^pressibility  of  oil  inclosed  in  glass 
(forming  part  of  the  esperiments  on  the  pressure  of  flred  gunpowder  in 
i8J^'o5)  had  been  completed,  tvo  further  experiments  were  made  with 
the  same  apparatus  (see  Plate  VIII),  continuing  in  the  same  condition. 
The  object  was  to  ascertain,  for  each  of  the  temperatures  adopted,  to 
what  extent  the  compresseil  oil,  released  from  a  pressure  of  10,000 
Itouuds  per  square  inch  as  quickly  as  could  be  done  with  safety  to  the 
ai^nstment  of  the  instroments,  would  regain  its  former  volume  at  the 
instant  of  release — that  is,  before  it  should  have  time  to  absorb  sufficient 
beat  from  the  surroundings  to  sensibly  change  the  lowered  temperature 
resulting  Irom  the  conversion  of  heat  into  mechanical  energy  during  ex- 
pansion. 

After  applying  the  designated  pressure  and  maintaining  it  for  some 
time  at  the  selected  temperature,  60°  or  60^,  that  part  of  the  scale  of  the 
instmmeDt  containing  the  oil  which  was  expected  to  show  the  temporary 
arrest  of  expansive  action  was  brought  into  the, field  of  vision,  the  valve 
controlling  the  connection  between  the  receiver  and  the  pump  was  closed 
and  the  outlet  valve  opened.  For  a  moment,  in  either  case,  the  piston 
became  stationary  at  several  divisions  of  the  scale  below  the  position  it 
occupied  when  the  origfinal  temperature  and  volume  were  restored.  I 
regret  that  the  record  of  these  experiments  is  not  now  accessible,  but 
the  exact  figures  are  not  essential  to  a  consideration  of  the  principles 
involved.  Let  it  be  supposed  (for  the  present  purpose)  that  on  quick 
release  from  a  pressure  of  10,000  pounds,  at  a  temperature  of  60°,  the 
piston  stands,  for  the  moment,  at  6  divisions  of  the  scale  lower  than  it 
did  at  the  beginning  of  tlie  experiment,  which  may  not  be  far  &om  the 
actual  otjcnrrence.  By  reference  to  the  table  of  "compression  under 
visual  observation"  [see  p.  72ij  (_wliich  may  in  fact  be  cohsidered  as  po- 
tentially a  table  of  expansions  at  the  various  pressures  noted),  it  will  be 
seen  that  the  diflerence  in  volume  or  expansion  between  50°  and  60°,  at 
the  atmospheric  pressure, -was  15.8  divisions,  or  1.68  for  each  degree. 

A  depression  of  6  divisions  will  therefore  con-espond  to  a  diminution 
of  temperature  of  3°.8,  or  an  actual  temperature  of  56°.2. 

Since  work  and  heat  are  mutually  convertible,  it  follows  that  oil  at  the 
temi>eratnre  of  56o,2  submitted  to  a  pressure  of  10,000  pounds  applied  so 
rapidly  that,  \'irtually,  no  heat  is  lost  by  diflUsion  to  surrounding  objects 
(which  is  the  case  in  the  application  of  the  piezometer  to  the  measure- 
ment of  gunpowder  pressure),  its  temperature  will  be  raised  to  60°.  It 
will  thus  appear  that,  in  the  instance  supposed  (in  which  the  tempera- 
tiu«  of  the  oil  is  56*^.2  at  the  outset),  the  true  pressure  must  be  read 
ironi  the  column  of  the  table  giving  compressions  at  60°,  tor  that  is 
really  the  temperature  at  which  the  compression  is  effected. 

To  make  the  results  obtained  in  the  u.se  of  the  piezometer  strictly  com- 
parable with  the  facts  before  us,  that  instrument  should  be  tet  (that  is, 
the  oil  should  be  brought  to  and  fixed  at  the  standard  volume)  at  60° 
and  submitted  to  pressure  at  56° .2.' 

If,  then,  with  the  piezometer  act  at  60°  and  exposed  to  the  pressure 
of  tiie  gases  in  the  gun  at  56°.2,  we  obtain  a  stroke  of  0".251  (the 
equivalent  of  80.8  at  60°  in  the  table),  we  refer  to  the  curve  of  compres- 
sions at  60°  and  find  that  the  pressure  was  10,000  pounds. 

'  Thin  melhud  was  iicit  practiced  iii  the  ex|>eriincuU  inaile  in  liJ54-'55,  but  It  cbsnoes 
nothing  in  the  principIeH  involved,  niid  preseuta  a  aiuiiiliT  ciwe  for  conlpnriHon  with 
iDe  exptrimeiits  froin  which  the  tAblc  of  coniprcButoud  is  ilerived.  *   ..' 
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Id  tliis  way  we  bave,  io  this  case  coDstracted  to  meet  onr  data,  arrired 
at  the  corrected  pressure. 

We  may  now  tiim  to  the  indication  of  pressure  uncorrected  by  refer- 
ence to  the  effects  of  .the  change  of  temperature  resulting  from  com- 
pression, which  is  to  ha  derived  by  interpolation  Irom  the  data  given  in 
the  table  before  I'eferred  to,  as  follows: 

The  "height  of  oil"  in  the  instrument  under  10,000  ponnds*  pressure 
to  the  square  inch  and  at  the  temperature  of  6(P  we  find  to  be  at  SO.S 
of  the  scale.  With  the  same  pressure  and  a  temperature  of  50=  we  find 
it  to  be  at  59.8.  Tlie  difference  is  21  divisions  of  the  scale.  Supposing 
the  rate  of  expansion  under  the  pressure  mentioned  to  be  uniforin,  the 
rate  is  2.1  divisions  for  each  degree  Fahr.,  so  that  at  5(i°.2  the  oil  would 
stand  at  72.82.  In  the  same  way  we  find  that,  under  pressure  of  9,000 
pounds  per  square  inch  and  at  560.2,  the  oil  would  stand  at  83.576, 
giring  a  difference  of  height  of  10.750  divisions  for  1,000  iiounds  dilTer- 
ence  of  pressure,  so  that  each  division  represents  a  pressure  of  02.9 
Itounds.  But  the  stroke  of  the  piezometer  is  equivalent  to  80.8  of  the 
scale,  which  is  8.03  divisions  above  the  point  to  which,  we  have  seeo,  it 
would  be  carried  by  a  continued  application  of  10,000  pounds'  pressnre 
jier  square  inch,  and  therefore  indicates  a  pressure  (uncorrected)  of  9,'-'55 
pounds,  or  745  pounds  less  than  the  true  one. 

It  is  probable  that  a  more  suitable  oil  might  have  been  selected  for 
the  experiments;  or  at  least  that  the  compression  at  50°  would  have 
been  more  regular  liad  the  oil  beeii  strained  at  a  lower  temperature  than 
that  employed  in  its  prepai-atiou. 

It  can  hardly  be  doubted  that  a  considerable  part  of  the  compression 
apparent  under  the  higher  pressures  at  50°  must  be  attributed  to  the 
soUdiflcatiou  of  a  portion  of  the  oil.  If  this  be  so,  the  method  of  inter- 
polation employed  above  probably  carries  the  volume  of  oil  at  50°.2 
much  too  far  toward  that  at  50^  under  the  same  pressure,  and  renders 
the  hypothetical  error  stated  above  considerably  larger  than  it  really 
should  t>o. 

A  series  of  experiments  like  those  above  mentioned  on  the  volume  and 
temperature  of  oil  q  tuckly  released  from  pressure  would,  if  carefully  made, 
and  covering  sufficiently  high  pressures,  afford  all  the  data  requisite  for 
a  complete  table  of  tJie  corrections  necessary. 

Another  method,  however,  which  wili  be  described  briefly,  would  be 
more  easy  in  execution  and  more  direct  in  its  application.  It  may  i>erhaps 
be  said  to  obviate  the  necessity  of  a  correction  rather  than  to  supply  it. 
The  accompanying  drawing  of  a  portion  of  the  apparatus  required  (Plate 
XI)  will  facilitate  the  explanation. 

A  A  is  a  strong  receiver  (represented  by  a  vertical  section  through  the 
center  of  its  diameter),  to  be  charged  with  compressed  air  forced  through 
the  passage  a,  which  is  also  the  means  of  communication  with  the  neces- 
sary valves  and  pressure-gauge.  A  tube  or  barrel,  B  B,  is  screwed  into 
the  lower  end  of  the  receiver.  It  is  accurately  bored,  and  titted  with 
two  pistons,  G  and  D.  The  upper  piston.  G,  inserted  into  the  top  of  the 
barrel,  ia  adapted  to  a  short  motion  only,  and  is  restrained  from  de- 
scending by  an  enlargement  or  shoulder  resting  ou  the  upper  end  of  the 
barrel.  It  should  be  as  light  as  is  consistent  n-ith  strength  sufficient  to 
resist  the  pressure  it  may  be  required  to  bear,  and  should  be  sunounded 
with  a  small  quantity  of  oil. 

The  oiBce  of  the  receiver  aijd  piston  C  is  to  supply  a  spring  ca])able 
of  opposing  a  regidatod,  and,  within  short  limits,  a  nearly  constant  re- 
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sistance  to  ttie  pressure  of  a  liquid  to  be  forced  up  below  it  by  means  of 
tlie  pistou  D, 

Am  the  particular  mechanism  for  operating  tliat  piston  is  not  essential 
if  it  serves  to  apply  the  pressure  as  quickly  as  may  be  reqnired  and  to 
release  it  as  readily,  it  is  not  necessary  to  enter  ioto  a  particular  descrip- 
tion. In  general  terms  it  may  be  stated  that  the  requirements  can  be 
fulfilled  by  means  of  a  single  heavy  spring,  brought  at  will  to  the  neces- 
sary ilexure  and  tension  by  the  operation  of  a  screw,  and  so  arranged 
that  it  may  be  iustantAoeously  released — first,  from  the  restraint  which 
prevents  its  action  on  the  piston,  and  then  fW»m  all  flexure,  by  which  the 
piston  would  be  wholly  relieved  from  pressure. 

The  manner  of  using  the  apparatus  would  be  as  follows:  Having  de- 
cided upon  the  pressure  and  temperature  at  which  the  experiment  is  to 
bo  made,  air  is  forced  into  the  receiver  until  some  excess  of  pressure  is 
obtained.  The  lower  pistou  having  been  removed,  the  "  piezometer," 
properly  filled  and  "set,"  is  placed  within  the  barrel  and  the  piston  in- 
serted alter  it.  The  two  pistons  D  and  C  stiould  be  left  separated  by  a 
distance  somewhat  greaterthanthe  length  of  the  piezometer,  for  a  reason 
which  will  presently  appear.  The  vacuity  between  them  is  filled  with  oil 
introduced  tbrougli  the  passage  d  in  the  piston  I),  air  escaping  through 
CUe  passage  p  (drilled  in  the  barrel)  until  the  space  is  filled,  when  the 
passages  are  closed  by  screws. 

The  receiver,  barrel,  and  contents  are  now  to  be  brought  to  the  chosen 
temperature  (with  the  aid  of  a  water-bath)  and  the  pressure  atljustM  by 
the  release  of  a  sufficient  quantity  of  air  fi-om  the  receiver.  When  this 
is  done  the  piston  D  is  forced  rapidly  in  (by  means  of  the  mechanism  pre- 
.  vioualy  referred  to)  to  such  a  distance  as  shall  slightly  raise  the  piston 
C,  and  then  quickly  released. 

Id  this  operation  the  oil  between  the  pistons,  with  the  piezometer  and 
its  contents,  will  liave  been  subjected  to  the  same  pressure  as  that  sus- 
tained by  the  receiver.  The  time  occupied  in  doing  it  will  have  been 
quite  too  small  for  any  appreciable  diffusion  of  the  heat  generated  by 
compression,  and  the  record  of  the  piezometer  will  be  Just  that  which  it 
would  have  been  if  subjected  to  equal  pressure  in  a  gun. 

A  sufficient  number  of  experiments  conducted  in  this  way,  with  differ- 
ent pressures  and  temperatures,  would  supply  the  data  for  constructing 
numerical  tables  or  curves  expressing  the  relations  between  piezometer- 
strokes  and  the  pressures  producing  them,  and  needing  no  correction 
when  applied  to  gunpowder  pressures. 

In  conducting  a  series  of  such  experiments  the  work  would  be  greatly 
expedited  by  beginning  with  the  highest  pressures  and  lowest  tempera- 
tures ;  because  the  adjustments  of  pressures  could  be  made  by  success- 
ive diminutions  of  the  quantity  of  air  contained  in  the  receiver. 

There  are,  of  course,  precautions  and  details  which  cannot  be  noticed 
in  this  sketch,  though  their  recognition  is  important  in  practice. 

For  reasons  which  will  be  stated,  I  reganl  the  method  of  ascertaining 
powder  pressures  by  the  registered  compression  of  a  liquid  as  capable  of 
greater  accuracy  than  those  which  are  based  upon  indentation  or  other 
change  of  form  in  pieces  of  metal  acted  on  by  a  piston  receiving  the. 
pressure  to  be  measured. 

The  efl^t  of  the  rise  of  temperature  resulting  from  compression  on  the 
extent  of  compression  haSj  of  course,  a  definite  relation  to  the  pressure 
causing  it;  and  this  relation  is  susceptible  of  accurate  determination,  or, 
of  elimination,  by  different  methods. 

This  correction  being  supplied  or  rendered  unnecessary,  the  only  re- 
maiuing  inquiry  which  can  be  of  inqwrtance  to  the  indications  of  tlie 
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piezometer  described  in  the  preceding  papers  relates  to  the  iuflaence  of 
the  inertia  of  the  piston  in  modifying  the  length  of  it«  stroke. 

The  ainoant  of  this  infinence,  whi^  varies  ^th  the  rate  of  augmenta- 
tion of  the  pressure  acting  on  the  piston,  is  incapable  of  dotenumation, 
since  that  rat«  cannot  be  known. 

The  error  is  conuuon  to  both  classes  of  instruments  mentioned,  and 
can  be  reduced  to  a  mJmmum  only  by  employuig  the  least  veight  of 
metal  in  the  piston  that  is  compatible  with  the  performance  of  its  fhnc- 
tions. 

In  devising  the  concave  spiral  pressure-gauge  described  in  Appendix 
P  to  the  Eeport  of  the  Chief  of  Ordnance,  1875  (page  135,  Plate  5), 
reference  was  had  to  this  requirement.  Yet  the  piston  is,  and  must  re- 
main, many  times  heavier  than  that  of  the  piezometer,  the  weight  of 
which  might  be  further  reduced.  In  one  ca^,  the  piston  is  an  mstni- 
ment  subjected  to  violent  strains,  and  therefore  requires  to  be  strong ; 
while  in  the  other  its  action  is  merely  that  of  a  gepfum  between  the  defi- 
nite quantity  of  oil  of  whicJi  the  compression  is  to  be  registered  and  that 
lying  without,  and  ha\iiig  uo  other  work  to  do  than  to  overcome  the 
fiictioa  of  the  "  stem"  under  the  pressure  of  the  "  markiug-point." 

The  superiority  of  a  liquid,  employed  as  proposed,  over  a  piece  of  metal 
to  be  changed  in  form,  arises  principally  from  the  greater  simplicity  of 
its  mechanical  characteristics. 

Disks  of  metal,  though  perfectly  pure,  or  of  an  alloy  exact  in  compo- 
sition, and  at  the  same  time  perfectly  sound,  may  offer  great  variations 
in  different  specimens  and  in  different  parts  of  the  same  specimen — in 
hardness,  in  tensile  strength^  in  elasticity  of  form  (distinguished  from 
elasticity  of  volume),  in  ductility,  and  in  the  property  sometimes  called 
"metallic  viscosity,"  or  "rate  of  flow"  under  pressure. 

None  of  these  are  properties  of  a  perfect  liquid.  Variation  in  any  one 
of  them  will  in  some  degree  change  the  indications  of  pressure  given  by 
the  gauge  in  which  the  disks  are  used;  and  no  individual  test  can  be 
apphed  without  rendering  the  pieces  useless.  The  best  that  can  be 
done  is  to  prepare  them  with  as  nearly  uniform  mechanical  treatment  as 
possible,  concluding  with  careful  annealing. 

Complete  soundness,  that  is,  perfect  interior  union,  is  a  conditiou  mora 
rare  than  is  often  supposed,  and  unperceived  variations  in  re6i>ect  to 
this  quality  may  lead  to  great  errors  in  some  forms  of  instnimeut. 

An  important  source  of  error  in  the  indications  of  the  best  forms  of 
indenting  or  cniabiug  gauges  arises  from  the  uncertainty  attending  the 
"rate  of  flow" — which,  in  ite  relations  to  the  employment  of  these  in- 
struments, presents  a  problem  which  must  lack,  in  each  case,  one  of  the 
elements  necessary  to  its  solution,  namely,  the  time  iu  which  the  change 
is  wrought. 

The  e^'ident  exemption  of  the  gauge  employing  compression  of  a  liquid 
from  ao  many  errors,  apparently  without  the  substitution  of  others,  must, 
it  would  seem,  give  it  a  superior  claim  to  accuracy,  though  it  cannot,  of 
course,  be  used  with  the  same  facility  as  the  indenting  or  crushing 
gauges. 

There  would  be  no  difficulty  in  adapting  such  an  instmment  for  use 
as  an  "  internal "  gauge.  In  using  it  some'  time  would  be  required  to 
assure  a  correspondence  between  the  temperature  of  the  instrument  and 
that  of  the  gnu,  as  the  former  temperature  would  be  taken  from  the  latter, 
unless  some  device  might  be  employed  in  connection  vtith  the  instru- 
ment for  recording  the  temperature  at  the  moment  of  flring — wbich 
need  not  be  considered  improbable. 
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APPENDIX  N. 

TRAJECTORIES   OF  ARMY   REVOLVERS. 

C>pl.  John  K.  Gkexi,  OrdnuM  Departmaut. 

(One  plate.) 

National  Abmort,  Sprinofield,  Mass., 

Ifovember  30, 1878. 

Sib  :  In  accordance  witb  your  inatractions  of  November  8, 1  bave  the 
honor  to  sebtnit  herewith  certain  data  in  regard  to  the  Colt's  Army 
reTOlver. 

As  there  were  no  records  of  firing  at  ranges  greater  than  25  yards  od 
file  at  this  armory,  the  resnlt^  given  are  necessarily  the  mean  of  a 
limited  nomber  of  targets  ■  specially  made  for  the  purpose  of  gettlDg 
the  data  required.  As  these  targets  were  made  with  great  care  by  a 
most  excellent  marksman,  Mr.  E.  T.  Hare,  of  this  armory,  it  is  thought 
that  the  results  obtained  will  not  differ  materially  from  those  deducible 
from  more  extended  firings. 

It  in  also  thought  that  as  the  Smith  &  Wesson  revolver  uses  the  same 
ammuDition,  (the  service,)  and  as  the  velocities  obtained  are  about  the 
!»oie  as  tliose  obtained  with  the  Colt,  the  data  given  may  he  considered, 
fitbout  material  error,  as  applicable  to  the  former  revolver. 

For  these  experiments  the  Colt's  was  sighted  at  300  yards,  the  regular 
sight  l>eiug  nominally  for  25  yards,  but  in  reality  just  as  much  so  for  50 
yards. 


THE  COLT'S  ARMl-  REVOLVER. 

I. — Rapidity  op  fibb. 

This  arm  may  be  fired  18  times  in  one  mioute  and  fifty-four  seconds, 
beginning  and  ending  with  chambers  empty. 

II. — ACOURACV. 


soynrti. 

100j-«d,.  1l50y«d,. 

200  yard*. 

2M,«d«. 

»»r.rit 

'3.3 
S.3 

sis     1     las 

IILB 

W 
2*.» 

20.7 

The  above  results  are  the  avert^e  of  a  limited  number  of  targets  of 
12  shots  each. 


The  twist  of  the  rifling  being  to  the  left,  the  drift  is  in  the  same 
direction.  The  tendency  to  throw  the  muzzle  to  the  right  by  the  pull 
on  the  trigger,  serves,  however,  largely  to  neutralize  the  drift  at  ranges 
less  than  150  yards.    At  300  yards  the  drift  is  about  30  inches. 

25700^[C 
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IV.— Recoil. 


Telglitofravolver. 


TTelgbt  nf  b*l].  Recoil  <thw.«|jrtl) 

230  gnlui.  3.89  root-punndii. 


v.— rENETRATION   IN  WHITE   PISE. 


KlDge '   Mfirds. 

InohM 31 


Vl. — Teajectoey. 

o.— Itiod/.*. 

Mean  initial  velocity,  730  feet. 

b. — A»glet  of  light. 


Bki 

My-d.. 

IWytril. 

isojaidiL  1  WDrviU.  Imjithu.    aoejudo. 

SltnOm 

i 1 

DeDnadm 

10  14.  M" 

«.,.. 

^ 

!           1 

It  is  worthy  of  note  that  tip  to  aboat  27.^  yards  the  axis  of  the  bore 
is  below  the  line  of  sight.  This  is  probably  due  to  the  ^t  that  befaie 
the  ball  has  left  the  piece  the  barrel  la  rotated  upward — the  line  of  ap- 
plication of  the  force  bein^  above  the  point  of  resistance,  the  band— 
until  the  axis  of  the  bore  is  sufficiently  far  above  the  line  sighted  for 
the  object  to  be  stmck.  This  is  confirmed  by  firing  tbe  pistol  with  the 
barrel  firmly  clamped  in  a  fixed  rest. 

With  the  revolver  held  in  the  naual  mannec  in  the  baud,  and  with 
tbe  300-yards  elevation,  the  ceut«r  of  impact  was  44  inches  above  the 
cent«r  of  the  target  at  60  yards.  With  the  fixed  rest  the  center  of  im- 
pact was,  at  the  same  dii^tancc  and  with  the  same  elevation,  1}  inches 
above  tbe  center  of  the  target.  Tlie  line  of  sight,  300-yards  elevation, 
and  axis  of  bore  are  nearly  parallel;  the  latter  result  is^  therefore,  what 
was  to  be  anticipated  if  the  barrel  were  rigidly  constrained. 

With  a  rifle  the  use  of  a  fixed  rest  invariably  raises  the  height  of  tbe 
center  of  impact  on  the  target,  just  the  reverse  of  the  pistol,  but  tbe 
circnmstaucea  of  conatraint  are  verj'  different. 

With  the  revolver  tbe  barrel  was  clamped,  the  cylinder  and  stock 
being  entirely  free,  while  with  the  rifie  the  atojk  is  supiKirte*!  at  the  rear 
and  sides,  the  barrel  having  a  limited  motion  in  and  with  the  front  of 
the  stock. 


by  Google 


HEPOBT   OF   THE    CHIEF    OF   ORDNANCE.  259 

— Ordiiiata  of  trajeetors  abore  line  0/  tight.     JCange,  :l(K)  garde;  'Mt-garili  eleratioK. 
udUI  dlstuce '  W>-anlii.      IMjard*.     ISOyBtili.  |  2O0  yani*.  {  SMjanla.  |  SOOywli. 


As  there  ia  but  one  height  of  rear-sight  on  ttiin  revolver — viz,  that 
corresponding  to  50  yards — the  center  of  impact  will  fall  lower  and 
lower"  on  the  target  as  the  range  is  increased.  It  will,  therefore,  be 
necessary  in  firing  to  raise  the  line  of  sight  as  mnch  above  the  object  aa 
the  trajectory  passes  below  it. 

The  following  table  gives  the  ordinates  of  points  of  the  tr^ectory 
at  300  partis,  below  the  line  of  sight  corresponding  to  50  yards. 

i.~OrdiHate*  of  trt^jeclory  Moit  line  of  tight.     Begalar  »igkt ;  50-jarrf»  rl^mrion. 


fliKUDnUl  dlsUDOO .  ■ . 


>0  yanla.     »M  juiU. 


This  table  is  important,  as  it  shows  how  far  above  cue  should  aim  iu 
order  to  hit  the  object  at  the  distances  given.  For  instance,  at  ISOyards 
th«  point  aimed  at  should  lie  about  4  feet,  and  at  300  yanls  8  feet,  abo'\'e 
the  object. 

e. — Da»geroia  ipaee. 


CAVAhKY  AGAINST  CAVALRY. 


S  .  Dswendlns  bnncb  '    S  | 
II  "'  '"0--">O--         11 

11  '      ^-^  ^-^  §^* 

|.  .  If  :  p     |il 


YxriM.    I    Tardi. 


CAVALRY   AOAINBT 


li     It  i  |l  !  Ill 


Tantt.    I    Tardt.    \    Tardt. 


^.oo^'Ic 
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r  AUAtKeT  CAVAUtv. 


DUiUnci-.   ■■'■     , 
Tard,. 

Tard,. 

of  tt^l.ttory. 

I-ardi. 
207.5 

■aa.i 

U2. 

— 

i.   1  1. 

l-«nt.,    '    rmrdi. 
AIL      ,       <9.5 

2.,  s, 

TbuL 

MO 

AIL 

»7.S 

AOAIKST  INI' ANTE  Y. 


fo  .        DewrnilliiB  bmicb  I    ig 
fr            of  In^lwlory.       |     g  g 
*£      I _. £* 


It 
1^ 


It  '  III 


ranl>.        rarif>.        Tarcb.        lltri: 

LI       loe!  e         12*^  < 


The  dangerous  Bjmue  ia  cletenninctl  under  the  assuniptiou  that  a  foot- 
soldier  is  08  iiiclies  iu  height ;  that  the  head  of  a  man  on  horse  is  W 
inches  from  the  ground ;  that  the  pistol  is  at  tlie  height  of  the  eye,  or  4 
inches  helow  the  top  of  the  head,  and  tliat  tlie  pointe  aimed  at  are  3i 
and  48  inciter  from  the  gix>urirl  for  infantry  and  cavjdry,  respe<'tively. 

The  dangerous  8pa<;e  may  be  increased  by  the  tirer  lying  down  and 
aiming  at  tlie  feet  of  the  enemy. 
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AITEXDIX  O. 


Capl.  Joirx  E.  Ohkeh,  Orduure  Department. 

(Oue  plate.) 

Certain  compariaoiu  iaitituted  betiotea  the  Npriagjietd  and  the  Peabodg- 

Mariini  HJUh  by  Capt.  John  E.  Greer,  under  the  direction  of  Bvt,  CoJ^ 

•lamex  O.  Benton,  commanding  the  National  Armorg. 

The  Peabody  was  a  new  giia  just  received,  together  with  a  supply  of 
smmnnitioD,  Prom  the  Providence  Tool  Company. 

It  was  proimsed  to  compare  these  rifles  in  the  following  particulars, 
riz:  Accuracy  at300, 500,  and  1,000  yards;  penetration  at  1,000  and  2,00ft 
yanln;  flatness  of  trajectory,  as  shown  by  angles  of  elevation,  at  tlie 
same  distances;  initial  velo<'ity,  and  llie  efft^ct  of  rilUug  on  the  velocity*. 
Owing  to  the  impossibility  of  getting  a  range  of  2,000  yanla,  one  of  l,6fJ9 
yards — the  longest  tliat  could  be  obtained  —was  taken.  The  results  are 
rontained  in  the  foUo^iing  tables  : 


itt^;.! 


■.   lAdie:  I  Ineha.    Incht'.    laehtt,    Inc^tt.  \  Intkti. 


Tsrgrt  <if  ID  nhotn.  I'lir^I  of  M  nhnfi 


Pentlralion  m  irhite  pine. 

KiHe 

"ABt,"'  "«"' 

l.HW  ynrdi. 

LSatynrdt. 

Onijfu.           Oniiiu. 

rncAu. 

e 

InAn.    . 

A«gle»  of  eleraOon. 

1.000  yurde. 

l.«W.jTird«. 

:  w  4 

°   '    " 

--  -— 

FfWiHoi. 

™"«-                                               ;      powder. 

"«•' 

v.,.^,. 

"ms 

"aerirT^lc 
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Id  order  to  ascertain  the  effect  of  ritling  oa  the  velocity,  a  Peabody 
Martial,  ohaubared  for  the  Uaited  States  service  cartridge,  wa^  fired  in 
comparison  with  the  SpriogAeld,  the  cartridges  being  taken  from  the 
eame  package. 

The  table  shows  a  slight  advantage  in  favor  of  the  Springfield. 

Fclocitin.—(To  conpare  effect  of  riJUng.) 


Wel^t  of     VelocKiain 


It  should  be  i^tated  that  each  velocity  recorded  in  these  tables  is  the 
mean  of  several  taken  on  two  machines — the  Le  Bonlong^  chronograph 
and  the  Benton  electiu-baliistic. 

It  should  also  be  stated  that  with  the  Springfield  not  more  than  10 
ronuds  were  fired  at  1,6C9  yards  before  the  target,  8'  by  12',  was  hit  3 
times,  while  with  the  Martini  at  least  60  rounds  were  fired  to  hit  the 
target  tlie  same  number  of  times. 

Had  the  service  cartridges  used,  which  gave  but  1,312  feet  velocity, 
been  up  to  the  staudard  of  1350,  the  record  witli  the  Springfield  would 
probably  have  been  much  more  satisfactory 

As  it  18,  these  results  show  superior  accui-acy  on  the  part  of  the 
Spriugtield,  accompanie*!  with  more  power  tliau  is  required  to  disable  a 
man  at  ranges  at  which  it  is  practically  impossible  for  a  marksnian  to 
hit  so  small  an  object.  At  ranges  of  1,000  yanls  and  upward,  the  tra- 
jectorj-  of  the  Peabody  is  slightly  flatter  than  the  Springfield,  but  at 
•hortcr  ranges* — those  at  which  a  rifie  will  onlinarily  be  tired  in  Her?- 
ice — the  trajectory  of  the  Springfield  is  the  flatter  owing  to  its  higher 
Telocity.  This  velocity  at  long  ranges  of  course  falls  oif  more  rapidly 
than  that  of  the  Martini,  due  to  the  lesser  weight  of  ball. 

In  onier  to  determine  the  recoil  5  shots  were  fired  front  each  Ran,  the 
recoil  being  measured  by  Cajitaiu  Prince's  dynamometer,  initial  com- 
IHirisoii .%  lbs.,  and  tlie  mean  taken. 


.Iretti'aen  at  1,000  !i<irdii.~-(AK  rmordeil  bg  Crrnlmoor  iifttt 


SpriuEflelil  . 
Penboilj-Mii 


l'"l" 

13 

13 

15 

W 

17 

W 

" 

^ 

I 

J" 

! 

' 

::i 

•Thi'  miiJciideil  ti^lwtoriPB,  nlntli-rt  by  Cant.  Wni.  Prinfc,  Onliw 
enluaiire  Uemuran^ti  Xo.  15. 
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APPENDIX  P. 

EXPERIMENTS  WITH  SMALL-ARMS. 

Cupl.  JOHK  Z,  Gbrkb.  OrdnUH-e  Drputment, 

SPACE  BETWEEN   BULLET  AKD  POWDER  CHARQE, 

lu  accordau<«  with  instructions  to  test  tbe  liability  of  a  ritle-barrel 
to  rapture,  owing  to  tlie  bullet  not  being  entirely  down  to  the  powder 
charge,  I  have  the  honor  to  submit  the  following  report : 

III  order  to  insert  the  bullets  from  tlie  muzzle  it  was  necessAry  to 
slightly  reduce  them  in  diameter. 

The  shells  were  loaded  with  the  usual  charge  of  70  grains  of  powder, 
which  wa«  prevented  from  e.scHpiug  ftT»ni  tliem  by  pasteboard  wads,- 
9i\  o]>eii  spaee  of  about  half  an  inch  still  remaining. 

Two  shots  were  tlretl  with  the  bullets  just  reaching  the  front  of  the 
shells,  or  30  inches  ft^un  the  mn/zle,  and  two  at  2r>,  20,  and  15  inches, 
resi>ectivel3'. 

After  e-acb  round  the  barrel  was  carefully  examined;  no  signs  of 
Hwelliiig  or  yielding  in  any  manner  were  visible. 

The  pressures  as  indicate<l  by  the  jiressure-plug  are  given  in  the  follow- 
iiijr  table : 


DIM. 

Bcrfr.. 

muMl.-. 

30  inf  lies. 
)'       "iT.-M 

25  liirlies. 

e,MO 
0,400 

Minthet 

ISlDChH. 

l*nii>i.r.-i«-r  Miliar* 

\Ma 

"rv« 

7,7M 

^an 

. 

' 

The  pi-essiuvs  obtained  with  the  bullet  tTimi>eil  in  tbe  shell  in  the 
regular  manner  were  about  27,000  poiuids. 

It  would  seem,  therefore,  from  these  reaults,  that  instead  of  an  air-space 
between  powder  and  bullet  bi'ing  a  source  of  danger  to  the  barrel  the 
Imre  is  relieved  from  strain,  on'ing  to  the  larger  space  in  which  tbe  ik)w. 
der  gas  is  i»ermitted  to  expand. 

^'elocities  were  next  taken  with  the  bullet  crimiwd  in  the  shell,  just 
<lowii  to  the  shell,  and  5  inches  in  advance  of  the  last  pasition,  or  25 
iiicheH  ft-om  the  muzzle,  with  the  following  results ; 

relocilie*. 


Bullet    i-Tlmped  '  Bullet  3D  lo 
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Id  order  to  aacertain  the  effect  on  accuracy  of  fire,  of  allowing  a  slight 
air-space  betweeu  the  powder  aud  ball,  two  targets  of  ten  8hot«  each 
were  made  at  300  andalsoatfiOO  yards  with  the  bulleta  just  down  to  the 
shells,  or  30  inches  from  the  muzzle.  These  bullets  were  inserted  Irom 
the  rear,  and  were  not  reduced  in  size.    The  following  is  the  record : 


HrMUigtt, 

lupMt 

SevoBdlugM. 

Cantor  of 

iDFKt. 

B,     '    B. 

B".«     S"J 

5.8 

iMJU). 

HeuiTMliMldfTlaUnD 

Mmui  borliDnta]  devlktlaD . . 
Hean  kbaolote  deTtntioa 


,  Uhd  rertkal  deiUHoD 


The  accuracy,  it  will  he  seen,  is  fairly  satis&ctory,  though  not  quite 
BO  good  as  that  ordinarily  obtained  with  the  regular  cartridges  The 
effect,  then,  of  placing  the  bullet  Just  dowu  to  the  shell  is  to  reduce  the 
pressure  from  about  27,000  pounds  to  17,000,  and  the  velocity  from  1,376.7 
feet  to  1,323.9  without  materially  diminishing  the  accuracy.  While  it 
would  be  impracticable  in  service  to  use  such  a  method  of  loading,  it  is 
thought  these  results  may  possibly  point  the  way  to  a  completed  car- 
tridge in  which  an  air-space  exists,  the  velocity  beiDg  brought  to  the 
proper  standard  by  varying  the  charge  of  powder,  and  which  will  cause 
much  less  strain  on  the  barrel  than  the  service  cartridge.  This  could  he 
readily  determined  by  taking  any  gun  chambered  for  a  long-range  car- 
tridge and  osiug  tighter  charges  than  that  necessary'  to  fill  the  shells. 

lu  other  words,  the  air-space  should  be  in  the  shell  and  the  ballet 
should  be  crimped  in  the  usual  way.  The  chief  expense  necessiuj  to 
such  a  trial  would  be  in  chambering  a  gun  and  the  pressure-plug  block 
for  the  longer  shells. 


EFFECT  OF  CONTINUED  RAPID  FIRING  ON  THE  RIFLE. 

While  firing  a  large  number  of  cartridges  recently,  testing  firing-pins, 
the  opportnmty  was  presented  of  complying  with  instructions  to  ascer- 
tain t£e  tiiEect  of  contiuued  rapid  firing  ou  the  piece,  so  for  as  its  capabili^ 
of  being  handled  was  concerned. 
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Mr.  A.  Cranston,  of  this  annorj',  wan  selected,  as  having  gi-eat  experi- 
eiitte  witli  this  gnu,  to  lire  it  the  reqnisit«  number  of  times. 

Two  hundred  ronnds  were  tired  by  him  in  12  minutes,  or  at  the  rate  of 
about  17  per  minute. 

This  watt  accomplished  without  once  removing  the  left  liund,  whicU 
held  the  piece,  from  the  stock  or  changing  its  position.  The  barrel  be- 
caaie  lieated  snfliciently  to  burn  the  baud  after  20  or  3U  ronnds,  but  there 
is  no  need  to  touch  it  in  firing. 

So  far  as  the  heat  of  the  stock  was  concerned  the  pie<-e  could  easily 
liave  been  tired  many  laore  rounds,  but  the  oi>erator  bccauie  fatigued 
holding  the  arm  otf-hand  and  firing  the  time  stated. 

The  piece,  after  being  thoroughly  cooled,  was  placed  in  the  rest  in  the 
proving  room.  Two  hundred  and  forty  eartridgeji  were  then  tired  in  10' 
minutes,  or  at  a  rate  of  2i  ywir  minute.  The  trout  of  the  stock  ajjpeare^l 
to  be  burning,  and  it  was  thought  beat  to  diacontiune  the  firing.  Un 
examinatiou,  however,  it  was  found  that  it  was  rubber  buriniig  on  the 
barrel,  the  rubber  having  been  melted  from  tliat  whieh  siu'ronnds  the 
mazzle  in  the  rest.  The  piece  was  handled  freely,  and  it  coul<l  have 
been  fired  at  least  100  rounds  more  by  being  careful  to  keep  the  fingers 
from  the  barrel. 

After  25  ronnds  fired  rapidly,  with  aim,  the  barrel  wonid  bunt  the 
bands  if  held  tightly. 


'  BIFLE   HIOHT8    AND   POWDBR. 

In  accordance  with  instructions,  I  have  the  honor  to  submit  the  fol- 
lowing report  on  the  various  sights  proposed  for  the  SpriiigHeld  lifle, 
and  also  on  the  powder  employed  in  the  preparation  of  vartri<lges  used 
in  connection  therewith. 

Three  eight«  were  furnished  me  for  trial  and  comparison,  viz :  the 
service  model  1878,  the  "  buckhorn,"  recently  adopted,  and  one  proi>osed 
to  be  placed  on  the  tang  by  Lieut.  Col.  J.  C.  Kelhni,  Adjutaiit-Genei-al's. 
Department. 

Targets  were  made  by  Mr.  B.  T.  Hare  at  distances  of  3(m  and  500- 
yurds,  with  8er\-ice  cartridges  manufactured  at  Fraukford  Arsenal,  July,. 
1878 — which  have  given  better  accuracy  than  any  others  receive<l  from 
there  in  a  long  period,  aurl  cartridges  prepared  at  this  armorj'  with 
Hazard's  F.  G.  or  Kentucky  ritie  powder. 

The  following  table  shows  that  the  buckhoni  sight  gave  better  results 
at  both  ranges  and  with  both  kinds  of  cartridges  than  the  other  two ; 
alw,  that  the  best  accnracy  was  obt>aino«l  with  this  sight  when  usetl  in 
connection  with  the  F.  G.  cariridges. 
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MM  YARDS. 
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111  order  to  asoertaJD  whetlier  the  combiiiBtioD  of  buckhoin  sight  aud 
F.  6.  cartridges  vonld  inaiDtaia  its  superiority  in  the  hands  of  different 
marksmen,  themembers  of  the  ArmoryClnb,six  in  number,  were  required 
to  fire  the  biickliom  and  tang  sights  with  botli  kinds  of  cartridges  at 
200  and  500  yards. 

Tlie  score  was  kept  according  to  the  Creedmoor  system. 

It  will  be  seen  by  instiection  of  the  table  tliat  both  sights  gave  better 
results  with  the  F.  G.  than  witli  the  service  cartridges;  also,  that  the 
buckhom  gave  the  best  acenracy  in  all  cases  except  the  last.  This  fill- 
ing off  was  due,  it  is  thought,  to  a  shifting  of  the  slide  along  the  leaf 
by  the  recoil,  owing  to  the  weakness  of  the  springs. 

Ibis  defect  has  been  corrected  by  knurling  the  edges  of  the  sight-bast' 
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It  has  been  found  after  many  trials  that  an  extremely  high  velocity  i^ 
not  consistent  with  the  best  accuracy  with  the  Springfield  rifle.  The 
standard  is  1,3o0,  though  of  course  there  are  Irequeiit  yariatious  above 
and  below.  The  velocity  given  by  the  July  cartridges  was  found  to  he 
bnt  1,312  feet,  and  the  excellent  targets  inatle  with  tbein  go  far  to  shov 
that  a  standarfl  of  i>erhap8  1,32?  ftet  would  be  the  most  sni^ble  for 
service. 

The  Kentucky  rifle-powder  gives  1,340  feet.  This  powder  is  of  more 
uniform  grain  titan  the  service  and  costs  about  3  ceuts  more  i>er  pound. 
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APrENDIX  Q. 

ACTION  OF  SEA-WATEK  ON  BRASS  CARTRIDGES. 
Capl.  JOHK  £.  (ilfKKIL  Ordnmin'  IVpartmi'nt. 


These  slivlls  were  under  watiir  about  ten  (la,V8,  and  afU-r  tlieir  recovery 
reinuiuetl  on  the  wharf  about  fltteen  days  before  inaiH'ction. 

About  2U0  naaes,  contaiuiiignearly  275,001)  unloaded  »lielUi,  wcreopened 
and  samples  taken  troin  each.  Both  exterior  and  interior  of  the  shells 
were  coated  with  venligris,  or,  more  strictly,  the  oxyebloride  of  copper, 
the  whole  being  in  a  wet  and  dirty  contlitiou. 

Of  23  shells  brought  to  this  armory  oiil,v  three  liiul  the  fulminate  un- 
ii^ured,  or  ho  slightly  iis  not  to  prevent  explosion.  In  the  others  the 
fulminate  of  merenry  had  been  redu<-f(I,  and  the  free  mercury  had  amal- 
gamated the  anvil,  head,  and  inimer  of  the  shell,  I'endering  all  these 
parts  extivniely  brittle,  and  so  iniu'h  deteriin-nttHl  an  Ut  well  deserve  the 
term  rotten. 

Ten  of  these  shells  I  reprimed  and  luadetl  with  S.~>  }^<)ins  lliizaixl  mus- 
ket-iwwder,  and  flre<l  them  in  ii  IValKMly-. Marti iii.  Five  of  them  split 
through  tlie  heiwl,  two  of  them  in  eight  or  ten  plai'es.  In  order  to  drive 
off  the  damaged  primei-s — no  tool  for  the  imrpost^  being  at  hand — 1  tille<1 
the  shells  with  water.  1  then  insertnt  a  bullet  in  the  mouth  of  each, 
ami  tapiK'd  on  it  with  a  hammer,  forcing  oil'  the  primer  by  hydnuilic 
Iireasure,  Thret-  or  four  bui-st  in  the  head,  though  seareely  anj'  pressure 
yfiis  required — not  enough  indeed  to  swell  out  the  shell  or  change  its 
form  in  any  partieuliir.  The  remaining  shells  I  cleaned  and  laid  aside 
to  see  what  further  eft'ect  time  wr)iild  huve  ui>on  them.  The  metal  of 
these  shells  apj>e:ired  extremely  biittle  at  the  head.  When  crushed  in 
a  vise  the  beads  cracked  in  many  places,  while  new  shells  of  the  same 
lot  woulil  told  tightly  over  without  ru|»tui-e.  The  action  of  the  salt  water 
had  also  been  tn  eat  away  the  nietid  aiiaiud  the  piimers,  o^msing  a  lib- 
eral escai>e  of  gas  at  e^ery  r(aui<l.  I  have  since  witnessed  a  trial  of  shells 
taken  from  the  same  lot  at  the  Winchester  liejieating  Arms  Company's 
Works.  Five  packages  of  five  fdiells  each  were  taken,  the  old  iirimers 
removed,  repriinetl,  and  loaded  with  the  jiroof  charge  reqiure«l  by  the 
Turkish  insitectors.  This  charge  is  the  regular  one  ut'  ST)  grains,  but  is 
of  No.  4  powder  (American),  or  of  the  grade  onlinarily  known  as  rifle- 
jtowder.  The  conditions  of  insi>e(.'tion,  so  far  as  ivlates  to  the  pii^ol',  are 
tbatfn)m  each  lot  of  M,iMHt  shells  2(Ht  shall  lie  tired  with  the  charge 
mentioned.  Shoidd  two  shells  fail,  or  I  )>er  cent.,  2(H)  more  are  taken, 
and  if  one  fails,  or  one-half  of  1  \n'r  cent.,  the  whole  lot  is  rejected.  As 
these  shells  had  been  accepted,  the  inferein-e  is  that,  betbre  their  im- 
mersiou  in  the  salt  water,  they  were  stn>ng  enough  to  sustain  the  proof. 
Of  the  25  shells  taken,  one  was  found  cracked,  and  one  w»i«  retained 
hy  Mr.  Bennett,  secrctarj'  of  the  (wniiwny,  for  cxaminattoii  nndei"  a 
microscope.  Of  the  23  fired,  9  bnrst,  4  dangerously ;  that  is,  with  an 
cflcape  of  gas  that  would  have  seriously  injured  the  eyes  and  hands  of 
the  flrer.     With  the  hope  of  removing  the  mewury,  it  was  ]>roposed  to 
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heat  tlie  lieado'of  tlie  shells  and  volatilize  it,  if  possible.  Bloxam,  iii  his 
text -book  on  metals,  gives  the  boiling  point  of  merctir)',  at  which  it  freely 
distils,  at  662°,  though  it  is  sensibly  volatile  at  teuii)erature8  above  6S° 
or  70°.  lie  also  gives  the  boiling  )>oiut  of  zinc  at  which  volatization 
freely  takes  pla«^,  at  a  bright  red  heat,  estimattHl  at  l!>U4o.  With  this 
range  of  temperature  between  the  volatility  of  the  two  metals  it  would 
seem  possible  to  drive  off  the  meroury,  Fownes,  in  his  chemistry,  con- 
flrms  the  statements  given  above,  but  he  also  adds,  page  319,  what  is  ex- 
tremely pertinent  to  me  case  in  point,  "  tliat  the  volatility  of  mercury-  at 
the  boiling  point  is  singularly  retarded  by  even  niinnt«  quantities  of  lead 
or  zinc."  Here  the  zinc  is  thoroughly  amalgamated,  and  to  drive  oft'  the 
mercury  in  the  open  air  a  beat  is  required  which  ai>pro.\imates  the  heat 
required  to  volatilize  the  zinc  itself,  the  latter  fusing  at  170°,  but  little 
beyond  the  boiling  point  of  mercury  when  no  zinc  is  present.  This  heat 
also  anneals  the  shell,  rendering  the  anvil  so  soft  as  to  be  incapable  of 
supporting  the  primer  against  the  blow  of  the  firing  pin,  with  conseqnent 
miss-fire.  In  uldition,  the  metal  would  probablj'  set  oat  more  like  cop- 
per, making  it  difficult  to  extract  the  shell  except  with  such  gons  as  the 
Springfield,  having  a  lever  power  to  operate  the  extractor,  or  bolt  guns, 
having  a  cam  to  start  the  bolt  dnring  its  unlouking.  The  latter  point, 
however,  was  not  determined,  owing  to  the  limited  number  of  sheila  at 
my  command.  Having  been  rendered  sott  by  the  annealing,  titese  shells 
would  also  be  ouabte  to  resist  disfiguring  by  the  rough  usage  they  receive 
in  service. 

Ha<I  these  shells  been  of  copper,  or  nearly  so,  like  the  United  States 
service,  which,  it  is  understood,  contain  but  5  per  cent,  of  zinc,  the  amal- 
gamation, it  is  thought,  would  hardly  have  t^en  place.  It  is  true  tliat 
all  metals  ordinarily  used  in  commerce  can  be  amalgamated,  with  the 
exception  of  iron  and  platinum.  Copper  and  some  other  metals,  how- 
ever, offer  such  resistance,  that  the  amalgamation  is,  to  a  large  extent, 
surface  only.  Under  these  circumstances  it  would  seem  that  the  de- 
partment has  acted  wisely  in  selecting  copier  as  the  standard  cartridge 
metal,  e8[«jci»lly  when  it  is  well  known  that  loaded  brass  shells  rapidly 
deteriorate  from  the  action  of  the  powder.  In  fact,  it  was  the  knowletlge 
of  this  deberionttiou  that  indnce<l  the  Turkish  Government  to  purrthase 
unloaded  shells  and  balls  with  the  view  of  putting  them  in  store. 

With  regard  to  patched  am  munition,  it  again  would  seem  that  the 
action  of  the  department  has  been  wise  in  rejecting  its  use. 

During  the  investigiitton  of  these  shells  Mr.  Hobbs,  of  the  Union  Me- 
tallic Cartridge  Company,  exhibited  some  loaded  cartridges  taken  from 
the  wreck  of  the  steamship  Guatemala  a  few  yeara  since.  These  ha«l 
patched  bullets.  The  patch,  by  capillary  attraction,  transferred  the 
moisture  from  without  to  the  iK>wder  within ;  and  though  the  cartridges 
were  several  times  carefully  cleaned  on  the  outside,  corrosion  continued 
to  take  place  from  within.  Sever  being  entirely  li«ed  from  moisture, 
the  action  between  the  shell  and  ball  continued,  causing  the  latter  to 
oxidize  and  exfoliat«  in  a  manner  which  would  have  seriously  leaded  the 
rifling,  with  consequent  falling  off  in  accuracy  of  fire.  In  the  matter  of 
accuracy,  the  service  bullets,  when  properly  lubricated,  give  better  result* 
than  the  patched.  The  advantage  claimed  for  the  patch  is  absMice  of 
leading  of  grooves ;  but  with  the  service  bullet,  with  suitable  lubricant, 
no  leading  of  any  moment  is  found  to  occur. 

The  patch  is  liable  to  become  roughed  up  and  mutilated,  giving  bad 
results ;  and  even  when  in  perfect  condition,  atripping  w  of  ftvqnent 
occurrence. 
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This  waa  iioticed  in  recent  trials  with  the  Sprin^eld  and  Peabody- 
Martdni  rifles,  when  the  accuracy  of  the  Spring^eld  waa  better  at  all 
ranges  than  the  Martini  with  its  patched  ammunition.  At  ranges  of 
nearly  1,700  yards  the  Martini  balls  sometimes  fell  two  or  three  hundred 
.vards  short  of  the  target,  striking  the  water,  and  at  others  passed  way 
beyond  it.  It  la  thoaght  these  results  were  due  to  irregular  action  ot 
the  patches. 
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APPENDIX  K. 

KEPORT  ON  MAXUFAUTl'KK  OF  LIFE-SWING  GUNS. 
I.innl,  C.  \V.  VTHiiri-LK,  Ordnniici-  Df[iartinrut. 

(Seven  iilatiiM.) 

West  Point  Foukdeby, 
Cold  SpHng,  JV.  ¥.,  March  10, 1870. 

Oil  tie  12th  of  la»t  September  a  cuntract  was  Awarded  tbe  West  Point 
Foutidcry  for  tlie  coiistitictiou  of  two  liiiiidre<l  2.5-inch  bronze  guns,  de- 
signed by  Lieut.  D.  A,  Lyle,  Oitlnance  Uei>artment,  for  tlie  United 
States  Ijife-t^aving  Service,  anil  a  jieriod  of  font*  months  was  allowed 
foritfl  completion.  As  the  resident  insiwetorat  this  tbandery,  I  wasflret 
directs!  to  snpeh'ise  tlie  construction  of  these  guns,  and  finally  to  in- 
spect them  ;  and  I  have  the  honor  t<t  submit  the  following  description 
of  the  various  incidental  opei-ations : 

The  West  Point  Foundery  had  had  no  exjwrience  in  the  manufacture 
of  bronze  guns,  except  that  tlerived  trom  casting  a  few,  at  long  inter- 
vals, for  yachta.  The  contract  prescribed  •  •  "  that  the  guns  shfUl 
be  made  of  bronze,  the  composition  to  consist  of  90  per  cent  of  Lake 
Superior  ingot  copper  and  10  iter  cent,  of  Banca  ingot  tin.  It  is  fiirtber 
stipulated  that  no  scrap  metal,  such  as  zinc,  old  copi>er,  or  old  bronze 
shall  be  used  in  the  fabrication.  It  is  stipulateil  that  the  guns  shall  be 
cast  in  iron  chills ;  diamet^^r  of  chills  at  breech  6^  inches ;  diameter  of 
chills  at  muzzle  5J  inches;  sinking-head  at  least  18  inches  high.  One 
bronzn  specimeu  for  testing,  as  per  drawing  attached,  to  be  fumisheil 
forea^sh  gun.  The  tensile  strength  and  other  physical  properties  shall 
be  subject  to  the  approval  of  the  inspecting  offlcer.  Diameter  of  fin- 
ished bore  to  be  two  and  five-tenttis  (2.5)  to  two  and  five  hundred  auil 
five  thousandths  (2.505)  inches."    •     ■    • 

Plate  I  is  a  copy  of  the  dt-awing  which  accompanieil  the  contract. 

The  South  Boston  Foundery  had,  not  long  before,  maile  a  few  gnus  for 
the  same  purpose.  Lieutenaut  Lyie's  report  on  the  subject  bad  not  yet 
been  published,  but  it  was  understood  here  that  one  difficulty  encoun- 
teretl  was  the  presence  of  minute  filiform  cracks,  which  covered  the 
surface  of  the  casting  and  necessitate<l  the  excess  of  metal  (0.5-incb) 
required  by  the  contnict.  In  fact,  this  was  Mipposetl  to  be  the  only, 
though  a  very  serious,  obstacle  to  be  overcome.  Any  me^ns  wbieb 
would  prevent  the  formation  of  these  cracks  would  prevent  the  necessity 
of  the  extra  metal,  anrl  save  considerable  time  in  finishing.  It  was 
tliought  this  might  be  secured  by  casting  the  guns  under  pressure;  and 
with  this  obje^'.t  in  view,  more  than  any  expectiitiou  of  improving  the 
physical  qualities  of  the  al]o.v,  a  sjtecial  mold  (Plate  III)  was  made,  to 
be  presently  descril)ed.  As  a  precaution,  however,  another  mold  was 
matlc  similar  in  size  and  shaiie  to  that  used  at  the  South  Boston  FoiuhI- 
ery,  except  that  was  designed  with  the  intention  of  casting  with  the 
breech  down,  in  order  to  save  labor  in  finishing.  The  details  of  this 
mold  as  first  made  are  shown  in  Fig.  1,  Plate  II,  and  the  description  of 
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its  cotistructioi)  is  so  similar  to  that  given  by  Lieut«naiit  Lyic  {page  219, 
IteiMit  of  Chief  of  Ordnance,  1878)  that  it  will  not  be  necessary  to  re-    , 
l>eat  it.    Tlie  thickness  of  tlie  cliill,  however,  was  2.5  inches  instead  of 
1.7.>  incites,  and  there  was  no  sand- head." 

Chill-inohl  No.  3  (Plate  III)  was  similar  in  its  general  features  to  No. 
1  (I'late  II).  It  was,  however,  0.5  inch  amnller  in  interior  diameter, 
and  was  arranged  for  »  length  of  sinking-head  of  11  inclies  instead  of 
18  inches.  The  month  of  the  mold  was  closed  by  a  cast-iron  plate  2.5 
inch  thick,  bolteil  to  the  upper  horizontal  tlange  of  the  chill.  A  hole 
was  bored  through  the  axis  of  this  i)late  to  allow  the  a4lnussion  of  the 
metal  and  of  a  small  steel  plunger  5  inches  long  by  4  inches  diameter. 
Two  iron  uprights,  secured  at  bottom  to  the  iron  bed-plate,  supported 
above  the  mold  a  iW-tou  hydraulic  jack. 

Hold  Xo.  1,  coiupleteil  first,  was  first  used,  and  three  guns  were  cast 
of  inferior  metal,  simply  for  the  purpose  of  e<lncatiug  the  molders. 

Six  gnus  were  then  ca-t,  usin^  the  prescribed  metals.  The  details  of 
tbe  operations  as  condnc:ed  difler  from  those  described  by  Lieutenant 
Lyie  principally  in  the  fact  that  the  tin  was  nielte<l  in  a  separate  cruci- 
ble, and  that  its  mixture  with  the  copper,  whicli  was  poured  on  top  of 
t,  took  place  in  the  pouring-la^Ues. 

To  summarize  these  details : 

1.  Heating  the  ohill-moM. — No  convenient  furnace  being  on  hand,  this 
was  accomplished  by  building  a  wood  fire  about  the  chill,  which  was  in- 
closed in  an  iron  cage.  A  special  furnace  was  ultimately  built  for  the 
pnrpose. 

2.  The/urnaoeg. — Three  pot«  were  used  for  the  copper,  each  contain- 
iog  one  crucible.  Tlie  tin  was  melted  in  two  crucibles,  introduced  into 
the  same  pot. 

3.  Charging  tlui  crucibles. — The  metals  were  placed  in  the  crucibles, 
and  after  being  weighed  the  tin  was  removed. 

4.  Melting. — The  flres  were  lighted  before  the  crucibles  were  intro- 
dnced.  When  the  copper  was  fairly  melted,  the  crucibles  containing  the 
tin  were  placed  in  the  pot.  When  melted,  the  tin  was  poured  into  two 
beated  pouring-ladles,  to  each  of  which  was  added  the  charge  of  copper 
contained  in  one  crucible,  the  mass  being  stirred  with  an  iron  rod.  The 
charge  of  the  third  crucible  (the  hottest  being  retained  for  the  purpose) 
was  finally  divided  between  the  two  ladles. 

5.  Casting. — The  ladles  were  then  poured  in  succession  into  the  run- 
ner-box as  rapidly  as  possible,  the  surface  of  the  running  metal  being 
skimmed  with  a  wooden  scraper.t 

6.  Cooling. — With  gun  No.  1  the  mold  was  placed,  during  casting,  in 
a  barrel,  which  was  filled  with  running  water,  in  the  hope  of  preventing 

.  the  expansion  of  the  chill.  As  a  consequence  the  chill  cracked.  With 
guns  Nos.  2  and  3  water  was  poured  freely  on  the  chill  after  casting. 
\Yith  Nos.  4  and  5  less  water  was  used,  and  with  No.  C  and  following, 
Done  was  used  at  all. 

The  results  obtained  with  these  six  guns  are  containeil  in  the  anne  xed 
table.  The  specimens  were  taken  from  th6  lower  part  of  the  sinking- 
bead,  and  the  dimensions,  shown  in  Fig.  1,  Plate  V,  were  the  same  as  of 

'  Thea?  iireniiralioDs  for  ciwtiDe  were  cnmDienceil  by  tlie  West  Puhit  Fimnil^rj'  npon 
noUliratioii  tliat  the  coiitnict  haS  bevD  awaril^I  tbem,  and  were  eomplcloil  bet'oru  the 
Kcei)>t  of  the  articles  of  agreement. 

t  Subaeqneutly  the  pouring-ladle  was  made  eelf-skiinming. 
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those  taken  fh>m  the  gan»  made  at  the  South  Boetoo  FounilerT  ami  te«ted 
by  Mr.  C.  B.  Richards. 
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The  appearance  of  tbe  fracture  of  each  specimen  iadicated  loose, 
coarse  texture,  and  imperfect  mixture  of  the  metals.  All  of  these  gaos 
were  at  once  condemned. 

Gun  N'o.  7  was  tlien  cast  under  pressure  as  follows :  While  the  metal 
was  in  the  crncibles  the  chill  and  the  plunger  were  raised  to  a  dull  bent. 
As  soon  as  the  metal  was  ready  to  pour,  the  mold  was  lowered  into  its 
pit  and  adjusted  on  the  bed-plate  so  as  to  be  directly  under  the  press. 
When  the  metal  reached  the  level  of  the  hole  in  the  upper  plate  the 
runner-box  was  i-emoved,  and  the  plunger,  picked  up  by  tongs,  quickly 
fitted  to  the  hole.  Two  men  then  pumpeil  the  jack  down  as  far  as  the 
quickly  liardening  metal  would  i>ermit.  Eight  guns  were  ultimately 
caat  under  pressiuv  with  results  as  shown  in  following  table. 
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Guns  8,  9,  and  10  had  in  the  mean  time  been  cast  without  pressure- 
Up  to  No.  10  every  gun,  except  No.  7,  had  been  condemned  either  as 
imi»erfect  castings,  or  for  low  tenacity,  low  density,  or  poor  mixture  of 
the  metalH.    Fortunately,  Mr,  Davis,  superintendent  of  the  ordnance 

*  "  Heftds"  is  lued  to  deaif^uate  metal  taken  from  the  body  of  condemned  cMtin^ 
and  from  the  main  part  of  Binking-headB;  "chipB,"  that  mstal  which  workg  ita  <raT 
iaUi  the  joints  of  the  mold  during  coating,  and  the  very  nppec  part  of  siiikiiig-he»di. 
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shops  at  the  WasMngton  cavy-yard,  who  bad  bad  much  experieDce  in 
the  maniitactare  of  brooze  gaaa,  waa  present  at  tbis  tiiuB,  and  snggea- 
tjons  were  asked  firom  bim  in  regard  to  improving  tlie  chsu^acter  of  tbe 
castmga.    These  scggestiona  were  as  follows: 

1.  llie  gana  ahoald  be  cast  breech  up,  for  tbe  purpose  of  increasing 
the  diameter  and  consequent  weight  of  the  siuking-head. 

2.  Tbe  tin  abould  be  melted  by  simply  adding  it  at  the  proper  time  to 
tbe  copper  in  the  crucibles;  not  melt«d  separately. 

3.  Xo  ponring-ladle  should  be  used,  but  the  crucibles  emptied  simnl- 
taneoasly  into  the  mold,  pouring  rapidly  until  the  mold  was  filled  to  the 
trannions.  and  afterwards  more  slowly. 

He  had  never  seen  pressure  applied  to  a  casting  and  ventured  no 
opiuion  on  it.  He  disapproved  of  heating  the  chill  beyond  merely  warm- 
ing it,  or  cooling  it  by  water  after  casting,  and  ultimately  recommended 
increasing  the  length  of  the  ainldng-head  by  the  addition  of  a  sand-head, 
the  diameter  of  which  should  be  greater  than  the  diameter  of  the  rest 
of  the  sinking-head. 

His  suggestion  aa  to  reversing  the  position  of  the  mold  ao  as  to  cast 
n'tth  the  oreech  up  was  never  attempted,  but  in  casting  Xo.  12  his  rec- 
ommendations were  carried  out  to  the  extent  of  adding  the  tin  to  the 
copper  in  the  crucibles,  but  the  contents  were  mixed  in  the  pouring-ladle. 
An  attempt  to  apply  pi-easnre  to  this  gun  was  unsuccessful,  as  the  plunger 
jammed  fiY)m  heing  improperly  centered. 

Sos.  13, 14, 15,  and  16  were  cast  under  pressure  and  according  to  his 
suggestions,  except  that  the  mold  was  in  each  case  hotter  than  desired. 

Xo.  17  was  cast  iu  mold  No.  2,  which  had  been  increased  12  inches  in 
length  by  the  addition  of  a  sand-bead  (Flat«  IV).  Tbis  mold  also  dif- 
fer^ £rom  !No.  1  in  that  the  interior  diameter  at  chase  was  5  inches  iu- 
fitead  of  5.5  inches. 

No.  18  was  the  last  gun  cast  under  pressure,  the  operation  and  results 
being  too  irregular  to  "warrant  further  experiment. 

No.  19  was  cast  in  the  same  mold  as  So.  17,  and  in  this  and  all  subse- 
quent castings  an  attempt  was  made  to  follow  uniformly  the  operations 
M  conducted  in  gun  No.  17.  Two  molds  were  used,  alternating  with 
each  other.     (Chill  So.  2,  Plate  IV.) 

From  the  fact  that  tbe  upper  paits  of  sinking-heads  and  tbe  "chips" 
which  were  formed  by  the  joints  of  tbe  mold  were  known  to  contain  a 
greater  percentage  of  tin  than  the  body  of  a  casting,  all  parts  of  a  sink- 
ing-head, after  bein^  cut  from  a  casting,  and  all  condemned  guns*  were 
broheu  into  amall  pieces  and  arranged  into  <*  classes,"  according  to  their 
respective  distances  from  the  surface  of  the  sinking-head.  It  was  aa- 
anmed  that  the  upper  parts  of  sinking-head,  and  "chixis,"  contained  13 

"The  couBtitntioQ  of  the  alloy  cliaiiges,  iiot  only  in  the  cooling  bnt  in  the  melting, 
by  the  continnal  rertuction  of  the  qnantity  of  tin,  which  oxiilates  much  faster  than  the 
copper,  though  tbe  tattet  be  present  in  so  much  greater  miMa.  Duisausoy  fonud  that 
IfiiB  metal,  having  the  ptnportions  of  100  copper  and  11  tin  by  weight,  had  tho  follow- 
ing constitntions  after  (        *        "      ■  ...■-.  -.-■ ■      :..-.-  =  .._    -v..     ___!!-. ...L 

WDicb  oxidation  of  the 


^ioo*;  Copper.  Tta. 

1 100.3  10.7 

3 100.7  10.3 

3 lOl.e  9.2 

4 103.0  8.0 

6 104.0  7.0 

6 105.5  5.5     FiAiM»ll8t,ConBt.  of  Art^,  p.8r, 

isoBD  .oo^le 
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.per  cent,  of  tin,  and  the  remaiDder  the  same  as  tiie  body-  of  Ae  gun— 1ft 
per  cent.,  lees  amount  lost  by  oxidation,  && 

Tbis  loss  {torn  oxidation  was  disregarded,  since  the  allowance  of  13 
per  cent,  of  tin  to  tbe  api>er  parts  of  sinking-bead  was  probably  slightl; 
in  excess  of  tbe  trae  amount.* 

In  making  tip  tbe  cbargesof  "bronze"' to  be  added  to  a  casting  a  cer- 
tain percentage  was  taken  from  each  "class." 

The  contract  specified  that  a  specimen  from  tJie  siiiking-bead  of  each 
gun  should  be  subjected  to  mechanical  teste,  and  the  dimensions  of  tbe 
8X>ecimens  were  prescribed  by  an  attached  drawing  (Fig,  1,  Plarte  T),  It 
was  pai'ticiilarly  desirable  that  this  standard  as  ragards  dimeusioDS 
should  have  been  maintained,  in  order  to  properly  compare  the-  lesnlte 
with  those  obtained  in  the  very  careful  expenments  of  Mr.  C.  B.'Bicli 
-ards,  at  the  Colt's  manufactory. 

Investing  specimens  from  1  to  12  (exceptijig^o.  7)  the  fracture  took 
phice  close  to  the  upper  shoulder,  and  the  surfhce  of  the  Specimens 
showed  no  indication  of  being  elsewhere  strained  at  all. 

To  ascertain  to  what  extent  the  portions  of  the  specimen  more  remote 
fh>m  the  surfhee  of  tbe  sinkiug-head  shared  the  weakness  exhibited  at 
the  shoulder,  two  specimens  were  taken  &om  each  sinking-head  of  sev- 
eral castings,  one  turned  as  prescribed,  and  the  other  preserving  the 
total  length  of  specimen,  but  diminishing  the  distance  between  e^onl- 
ders  to  3  inches  by  extending  tbe  upper  shoulder  toward  the  center  of 
the  specimen.  (Plate  V,  Fig,  2.)  This  would  oblige  the  fracture  to 
occur  in  a  part  of  the  specimen  more  nearly  assimilating  to  the  charac- 
ter of  the  metal  in  the  gun. 

Tbe  difference  in  results  was  so  marked  that  it  seemed  nnjoBt  to  re- 
quire the  foundery  to  abide  by  an  agreement  which,  perhaps,  unjustly 
was  condemoing  gun  after  gun.  This  idea  was  strengthened  by  the 
following  experiments: 

1.  Tbe  sinking-head  having  been  sufficiently  increased  in  lengtii,  two 
specimens  were  taken  f^m  tiie  head  of  Ko.  ^,  the  one  directly  abore 
the  other,  and  while  tbe  upper  gave  a  tenacity  of  ^,286,  tbe  lower  gave 
46j335. 

2.  Oun  17o.  21  was  condemned  on  a  tenacity  obtain^  from  the  sinkiiig- 
head  of  31,555 ;  bat  a  specimen  taken  afterward  from  tbe  breech  gave  a 
tenacity  of  43,286.  Another  fact  considered  was  that  the  specimens 
tested  by  Mr.  liichards  were  taken  ftom  guns  cast  with  the  breech  ap, 
whose  sinking'-heada  wcto  consequently  of  greater  size  and  density  than 
those  here.  The  machine  in  use  here  for  testing  was  so  arranged  that 
the  first  striun  which  could  be  recorded  was  about  10,000  pounds  to  the 
square  inch.  Consequently,  no  delay  occurring  up  to  that  point,  the 
specimen  was  quickly  subjected  to  this  strain,  and,  crude  appliances 
rendering  very  nice  work  impracticable,  was  prebnbly  broken  in  less 
than  a  quarter  of  the  time  occupied  by  Mr.  Eichards"  In  attaining  the 
same  eud.  This  alone  would  account  for  verj'  decided  differences  ia 
tenacity  and  exteusion,  and  render  comparison  between  tt©  two  result* 
uusatistactory.  Consequently  1  recommended  to  Lieutenant  Ly!e  that 
the  foundery  be  allowed  to  change  tbe  shape  of  tbe  specimens,  flncon- 
veuience  was  then  found  in  consequence  of  the  extension,  which  was 
frequently  so  great  as  to  necessitate  the  lowering  of  the  beam  during 
the  operation.] 

Guns  were  being  cast  at  tbe  rate  of  six  and  seren  a  day,  and  none 
could  be  touched  until  specimens  firom  their  siakiug-heads  had  bwo 

*  nae  Mallet,  p.  Vi. 


-BEFOBT  OF  TSE  CHIEF  OF  ORDNANCE.         375 

biekeD'Uid  the  density  detefiateed.  One-balf  of  tiie  time  allowed  by 
'Oe  cOntiBct  bad  been  expended,  and,  to  save  time,  permission  was  ooo* 
BMTtHDtly  given  to  reduce  Ae  total  leugth  of  specimeng  io  i  inches,  pre- 
ffirvlag  3  iD^esbetweui' shoulders.  AU  speoimeus  after  Xo.  46  were 
tanted  to  these  dimensioas. 

Gan  No.  17  and  all  following  (except  No.  18,  cast  onder  pleasure)  we;« 
cast  with  a  eand-head,  whose  interior  diameter  was  larger  than  that  of 
the  body  of  IhegUD,  for  the  purpose  of  secoring  fiir  the  sinking-head  a 
liH^e  amoatit  of  metal' which  might  remain  a  considerable  tnme  in  a  liquid 
sbMe.  While  the  sinking-head  was  inclosed,  together  with  the  rest  of 
the-oasting,  in  the  oUill-mold,  it  hardened  wit^  the  same  rapidity  as  the 
rest,  and  to  a  great  extent  failed  to  perform  the  impcn^nt  function  of 
BDppIying  to  the  body  of  the  gun  the  metal  reqnwed  to  replace  the 
Bbiiiakage. 

An  attempt  was  made  to  secare<accnracy  in  the  weight  of  the  two  in- 
gredients of  the  alloy,  bat  in  cocseqnenoe  of  an  inability  to  peraonally 
saperlntend  the  operation  and  the  haste  with  which  the  work  was  prose- 
cuted the  snccess  was  bat  partial. 

Comparing  gnns  Noa.  25  and  23,  both  were  apparently  treated  alike, 
and  the  molder,  aware  of  the  good  results  obtained  with  a  specimen  ftom 
No.  25,  expected  e<[nally  good  from  Ko.  26.  Upon  investigation  it  was 
found  that  the  "heads"  added  to  the  charge  for  No.  26  came  solely  from 
the  upper  parts  of  different  beads  in  which  the  percentage  of  tin  was 
considerably  greater  than  the  mistore  called  for. 

Pvudt.                                             Copper.  Tin. 

The  mixture  OMd  for  gnu  Nd.  25  wh...  161  copper.... =il61 

161  hMdB  no  per  cent.  tia}=135.9  16.1 

.1  chipB  (13  per  cent.  tiii)=    4.3  0. 7 


The  mlxtiira  used  for  gnu  No.  96wb8...  163  copper ^153 

153  heads  (10  per  cent.  tln)scl37.7 


4  chip*  (13  per  cent.  tia)  = 
17  tin =     0.00 


3.4d       0.53 
0.  17.  OO 


making  the  mixture  contain  11}  per  cent.  tin.  The  appearance  of  the 
iVactnre  of  thespecimen  as  well  as  the  low  tenacity  had  saggested  at 
once  that  the  percentage  of  tin  was  too  great;  and  in  gun  So.  44  the  ■ 
same  peculiarities  led  to  an  investigation  which  ultimately  disclosed  the 
feet  that  a  double  charge  bad  accidentally  been  added  to  the  copper,  in 
spite  of  the  presence  of  an  attendant  specially  employed  to  wateh  every 
process  in  the  casting. 

Gims  No8. 177  and  178  were  condemned  because  an  unknown  brand 
of  tin  had  been  usetl,  which  was  discovered  in  the  same  way  as  the  de- 
fects in  Nos.  26  and  44. 

■oogic 
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Although  Baooa  tia*  was  prescribed  by  the  cootract,  a  brand  of 
English  tin  ("  the  Lamb  and  Flag")  was  allowed  to  be  used  to  a  great  ex- 
tent, both  bei^use  it  bad  been  recommended  by  Hr.  Davis  as  the  tin 
almost  exclusively  used  by  the  Kavy  in  their  gnn  coustructioiiB,  and 
because  at  times  Banca  tin  could  not  be  obtained  in  the  quantities  and 
at  the  time  required. 

In  Lieutenaut  Lyle's  report  of  the  fabrication  of  his  experimented  guns 
at  South  Boston  he  speaks  (Report  Chief  of  Ordnance  for  1878,  p.  221) 
«f  castings  condemned  on  account  of  defective  trunnions.  The  sam« 
difBculty  was  met  with  here,  and  iras  similarly  remedied  by  catting  away 
the  metal  iu  the  chill  so  as  to  increase  the  size  of  the  trunnions  in  the 
casting.  Before  this,  however,  guns  Xos.  27,  31,  du<l  35  had  been  con- 
demn^ at  an  early  stage  of  fabrication  for  this  defect,  and  when  the 
first  lot  were  oQ'ered  for  final  insjiectiou  many  moi'e  of  the  guns  among 
those  first  cast  snflei'ed  a  Uke  fate.  To  save  these  guns,  which  were 
otherwise  satisfactory,  P.,  K.  &  Oo.  asked  authority  to  "  bum  on  "  new 
trnnnioQs,  a  process  which  consisted  simply  in  replacing  the  imperfect 
portions  of  the  tniniiions  with  new  metal.  Before  granting  permission 
the  following  experiment  was  tried,  for  the  purpose  of  testing  the  in- 
timacy of  union  between  the  old  and  new  metnls  which  the  process  could 
guarantee :  A  cylinder  3  inches  long  and  1.  j-iuch  diameter,  cut  firom  th« 
sinking-head  of  one  of  the  guns,  had  new  metal  burned  on  to  It  until  iU 
length  was  doubled.  The  cylinder  was  then  turned  down  to  the  shape 
of  an  ordinary  specimen,  in  such  manner  as  to  leave  the  Joint  between 
the  two  metals  at  a  distance  of  1  inch  fi-om  tJie  sbonlder.  It  waa  then 
broken  in  the  machine.  The  fracture  took  place  in  the  old  metal,  and  at 
a  distance  of  about  1  inch  from  the  point  of  imion.  The  specimen  stood 
about  40,000  [>ounds  to  the  square  inch,  and  the  surface,  after  fracture, 
presented  a  curious  appearance.  (Phite  V,  Fig.  4.)  The  old  or  original 
metal  showed  the  ordinary  blistered,  flattened  appearance  exhibit^  by 
good  bronze  under  such  circumstances,  but  the  surface  of  the  new  metal 
was  scarred  and  striated  in  the  direction  of  its  length,  and  resembleil 
more  a  piece  of  tough  wrought  iron  after  strain. 

Permission  was  then  given  to  try  the  exi>eriment  on  guns  J^os.  27,  31, 
and  35  (which  had  not  yet  received  their  powder  proof),  which  was  con- 
ducted as  follows : 

The  imperfect  portion  of  one  trunnion-was  turned  off  in  a  lathe  so  as 
to  leave  as  much  metal  as  imssible  untouched  in  the  vicinity  of  the  rim- 
bases.  It  was  rarely  necessary  to  turn  off  more  than  one-tenth  of  an 
inchf  except  at  times,  from  the  face  of  the  trunnion.  The  gun  was  then 
buried  in  sand,  the  axis  of  the  trunnions  vertical,  the  trunnion  Xp  be 

*  The  purest  tin  in  the  market  comes  from  the  Ulaiids  of  Bancs  and  Biilotin,  in  tbp 
Malavan  »rchlpel(wo,  "ud  is  sold  once  or  twice  a  year  at  Amsterdam  and  Rott^tdaoi. 
In  Whitney's  itelaUic  tTealth  of  tht  United  Slaltt,  published  in  1854,  U  given  the  fol- 
lowing analysis  of  Baoca  tin: 

Tin '. 99.961 

Iron 019 

LeaA OH 

Copper.... .......... .006 

100.  «W 
EDBliah  "  refined"  tin.  from  tlie  Cornish  mioes,  stands  uezt  as  regards  pnrltj,  mil 
is  followed  1)y,  1st.  Euglish  tin  (which  includes  "Lamb  and  Flag;)  2d.  Struts  tin. 
from  the  Malayan  peninsula ;  3d.  Australian  tiu. 

The  following  are  some  of  the  promineut  brands  of  Lake  Superior  coppet,  a  prefer- 
ence being  given  to  the  firet  two;  "Minnesota,"  "Quincy,"  "Coutral,"  ''CAlnmetuid 
Hecia,"  '  "Copper  Falls." 


,Got>^[c 
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repaired  uppermost.  A  mold  va»  then  fonned  in  the  sand  about  and 
above  this  tmnnion  and  slightly  larger  than  it  in  diEuneter.  (Plate  II, 
Fig.  2.)  A  ladle  of  melted  bronze  was  then  poured  very  slowly  ittto  the 
mold,  which,  soon  orerflowing,  ran  into  a  receptacle  prepared  for  it  in 
the  vicinity.  The  molten  metal  gradually  melted  that  portion  of  the 
casting  wi^  which  it  came  in  contact,  and  when  this  fact  was  assured 
(by  feeling  the  fece  of  the  trunnion  with  an  iron  rod)  the  pouring 
was  stopped.  In  s  few  minutes  the  grin  was  taken  from  the  sand  and 
transferred  to  the  trunnion  lathe.  But  one  trunnion  was  prepared  for 
this  process  at  a  time,  in  order  to  hare  the  assistance  of  one  finished 
tmnnion  in  centering  the  other  for  turning.  After  being  repaired,  these 
three  guns  were  subjected  to  the  usual  firing  proof,  and  having  stood  it 
satisfactorily,  all  other  guns  possessing  this  but  no  other  defect  were 
similarly  repaired. 


According  to  the  contract  each  gun  was  to  be  "  proved  by  firing  three 
rounds,  the  proof-charge  to  be  12  ounces  Hazard's  Navy  cannon-powder, 
*  *  *  and  a  cylindrical  bolt  or  projectile  to  weigh  not  less  than  18 
pounds ;  •  *  »  the  powder  proof  to  be  applied  with  '  rongb  boring' 
before  '  finishing  reaming,'  diamet«r  of  roagh  bore  to  be  fh>m  2.25  inches 
to  2.3  inches ;  one  gun  from  the  first  lot  finished  to  be  pnt  to  extreme 
proof  by  continuous  firing  with  heavy  charges." 

Guns  Nos.  7, 10,  and  14  were  fired  as  prescribed,  mounted  upon  a  cttt- 
.  riage  which  was  made  to  recoil  up  »  sand  slope.  The  efTects  on  these 
gnus  were  somewhat  disastrous.  They  were  excessively  enlarged  both 
on  the  interior  and  exterior,  and  the  trunnions  were  badly  bent.  Upon 
consultation  with  Lieutenant  Lyle  it  was  agreed  that,  since  8  ounces 
would  be  the  maximum  service-charge  for  the  guns  under  ordinary  cir- 
cumstantsea,  the  proof-charge  could  be  diminished  to  that  amount.  As 
an  additional  precaution  the  carriage  was  lightened  so  as  to  reduce  it  in 
weight  to  86  pounds,  and  two  tmnnion  rings  or  sleeves  (first  made  of 
bronze,  afterwards  of  steel)  were  made  to  slip  over  the  trunnions  to  pre- 
vent them  from  being  bruised  during  the  proof  firing.  Three  small  pins 
were  subsequently  attached  to  the  outer  surface  of  the  sleeves,  which, 
fitting  into  a  groove  cut  in  the  trunnion  bed-plate,  prevented  any  out- 
ward motion.  When  first  used  these  rings  occasionally  slipped  outward 
slightly  after  the  first  fire,  and,  being  unobserved,  the  strain  at  the  next 
fire  was  thrown  on  a  point  of  the  trunnions  removed  from  the  rimbases 
and  the  trunnions  consequently  bent  slightly  to  the  front.  Exceipting 
this'mishap,  no  effect  wqs  produced  upon  any  gun  during  proof  after 
the  8-ounce  charge  had  been  adopted. 

It  has  been  stated  that  the  contract  required  one  gun  of  the  lot  first  fin- 
ished to  be  subjected  to  extreme  proof.  Gun  No.  18  had  been  originally 
condemned  on  account  of  the  weakness  of  the  metal,  as  shown  by  the  speci- 
men from  tbesinking-head,althonghtheappearance  of  the  fractoreshowed 
Swhat  mofitof  the  early  gnnslacked)  afiur  mixture  of  the  metals.  By  aoci- 
lent  this  gun  was  offered  for  and  subjected  to  proof,  after  which  It  was 
discovered  that  it  had  been  condemned.    An  ofTer  was  made  to  P.,  K. 

&  Go.  aqd  accepted,  that  this  gun  should  be  finished  for  extreme  proo^ 
with  the  onder^nding  that  if  it  failed  they  were  to  replace  it  and  stand 
the  expenses  of  its  proof. 
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Ftrint  recori  of  gu»  Nii.,  !&,-  tiilijtottd  Ut  estnmt  pnt^. 


^.  "■Si  " 


FInt  pcoDf,  no  nMlcMbU  afbct-    (OoD  bored  to  t:f  Inches.) 

'Gnwitflil  enlargemeat  of  bore  tnUdnj- belireen  vent  and  tnnink>D*>  D.OllS  taidi.  i^ 


inM«, 

M  etuBrameut  o 

emfnt  ot  flTat  n 


Id  Hrfwl 

BnlaigenMirt  otohitH  M  miuils  0.005  Inolt. 
BnlaigNoeBt  otflnt  letofimM  O.OU  Inch. 
EnlAl^caiMHtt  >f  ebsH  O.OllA  inch. 
'BnlariKnieDt  of  flnltelnfureeO.OS  inch,  point  of  grMUateiilugeiiianCmaTliigtovui 

EDlkrgnmeDt  of  ohus  0.02Z  inch,  point  of  grMteat  cnlvginnent  mldv*]-  betir««i  Im 

■md  tnUDlon*. 
'Enlftr^ment  of  flrvt  relnfarcoO.OOSlnoh. 

1 0.OSO  Inch. 


'  EBlMgoment  of  flrrt  reloftiice  0.100  inch, 
EnUrpwunt  of  chuc  0.068  Jnoh. 
EnbnienifDt  of  Qrmt  reinforce  D.  121  Inch. 
Enlaniaineat  of  chu*.O.OtM  Inoh, 

^. ofaratreinfoioaO.mincli. 

ofcliUKi  O.lOl  inch, 
of  first  relnSwM  0.130  loch.. 
„ 1  of  ch«»  O.llJ  Inch. 

,  BuUrgemenlof  UntrsinlbtceO.lIBinoh. 

.  EBl»ig«iitento(th)u«O.U!]liMh. 


After  commencing  to  fire  witli  13  oances  the  tnmniooa  were  fomid  tfl 
be  aligtitly  bent  to  the  front,  and  afber  the  third  ronad  a  slight  fcsctare 
was  observed  in  rear  of  the  trunnioDci  and  at  their  jnnction  with  the 
rimbasea.  This  was  a  natural  cooaequence  of  the  beiiding  of  the  troU' 
nions,  and  as  they  beat  the  more  to  the  finnt  (for  which  an  overtased 
canria^  was  greatly  responsible),  the  more,  but  to  a  slight  extent,  the 
firaetore  extended. 

After  completing  the  10  rounds  with  15  otinoes  the  axis  of  the  tran- 
nions  was  found  to  be  at  Itsfaceoab  of  its  true  position  0.18  inch.  Towaid 
the  cloae  of  the  prooi^  gas  escaped  about  the  vent  piece. 

Three  hundred  and  ttiree  rounds  hifd  now  been  fired  from  gnu  No.  18, 
and  it  was  consider^  that  it^  endurance  was  sufflcieatly  proved.  It 
was  therefore  placed  in  a  lathe  and  firet  cut  into  two  parts  through  & 
plane  perpendicular  to  the  axis  of  the  gun  and  iu  front  of  tba.vent, 
and  the  forward  part  afterward  cut  into  two  parts  through  a  <plane  at 
rig^t  an^es  to  the  axis  of  the  trunnioos..  Serious  defects  were  f«niid 
t«  exist  in  the  shape  of  holes  extending  ;Er(un  tbe.bQre  toward  either  trun- 
nion, two  of  which  were  about  0,5  Indi.  deei>.  It  can  only  be  suxmiaed 
that,  as  this  g|in  was  cast  under  pressure,  the  cinder>  wluch.under 
ordinary  circumstances  of  casting  has  a  taudeiKy  to  rise  to  the  sorfnc^ 
may  have  been  retained  in  the  g^u,  more  espeoiajjy  as  the  meaos-usea 
for  skimming,  the  metal  was,  when  this  guttwas  made,  very  imperfect. 

Plate  VI  shows  the  ultimate  enlargement  trf  this  gun,  and,  iw  the 
sake  of  comparison,  of  gun  So.  7,  both  oast  under  pressure,  after  pro(^ 
firing  with  three  rounds  with  12  ounces  of  powder,  Toan  extentitcor- 
roborates  the  opinion,  entertained  at  the  time  it  was  suggested  changing 
the  pi-oof-charge  from  12  to  8  ounces,  that  the  more  moderate  charge 
would  the  better  enable  the  gun  t«  subsequently  staud  the  heavier. 
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IKSPEOTIOIt.: 

All  principal  dimensions  were  verified  by  speeiaU y-constmcted  gauges, 
and  proved  the  work  to  have  been  perfoimed  with  great  care. 

The  workmen  had  been  provided  with  a  2.lli'iaca  Whitworth  gange, 
which  they  tried  in  the  bore  of  every  gon  before  it  left  the  boring-lathe; 
neverthelesB  the  bores  of  about  one-tenth  of  all  guns,  when  offered  fiar 
inspectioD,  were  found  to  be  slightly  small  and  hadto  oe  re-bored.  This 
was  doe  to  the  fact  that  the  gauge  had  oceaaionaUy  been  tried  in  the 
guns  while  still  yam,  and  consequently  ^ijarged,  fpom  the  eCEeetof  the 
boring  tooL 

TABLES. 

Table  No.  1  contains  the  records  of  mechanical  t^sts  of  specimens 
taken  from  the  sinking-heads  of  guns  ^os.  239  and  227.  The  situation 
of  the  former  in  the  sinking-head  is  shown  in  Fjg.  5,  Plate  Y.  Speci- 
mens 4  and  6  were  taken  firom  poaitiona  in  ISo.  227,  corresponding  to  0 
and  A  of  same  plate.  .Kos.  6  and  7  were  radial  specimens  i^m  the 
aamehead. 
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A  feature  incidental  to  the  casting:,  ^ut  which  is  not  shown  in  tlie 
records  on  account  of  the  mea^erneBs  and  uncertainty  of  the  information 
obtaijied,Va8  tlie  extreme  variations  of  temperature  aud  fluidity  in  the 
different  crucibles  of  melted  copper  designed  for  a  charge.  During  per- 
sonal observation  of  many  castings,  on  no  occasion  could  even  an  nn- 
skilled  witness  fail  to  notice  the  differences  between  the  contents  of  the 
two  ladles.  Sometimes  the  metal  in  one  crucible  would  be  exceedingly 
liquid,  while  the  other  was  almost  pasty;  sometimes  bothcrucibleswere 
very  not,  though  to  an  unequal  extent ;  at  other  times  both  quite  dull. 
The  defects  or  differences  resulting  from  this  irregalarity,  whatever  may 
have  been  their  extent,  might  have  been  corrected  had  the  charges  been 
melted  in  a  fiimace. 

Attached  to  this  report  are  extracts  ft«m  a  publication  by  Lieut. 
Michael  Levitzky,  of  tUe  Russian  navy,  upon  the  fabrication  of  bronze 
guns,  which  have  beeu  taken  from  the  Recue  d'Artillerie,  October,  1876 

•  *  *  The  most  pomplela  eipnrimeiita  auil  (be  greatest  snccess  in  the  improTf- 
mente  applied  to  the  fabncatioD  ufgims  are  ilue  to  Col.  Aleiaailer  Lavrov,  of  the  st- 
tillerj.  His  works  commenceil  )>y  a  verf  romplete  stud;  tipuu  bronze  guns  ciut  in 
acconiance  with  a  series  of  tests  made  iti  18Htt  at  Lirige,  fii  the  presence  of  experienced 
artillensts.  These  experiments  refer  to  the  temperature  of  the  metal  when  ponied, 
the  rapidity  of  cooling,  the  effect  of  annealing,  and  the  proportion  of  the  ingredienta. 

The  following  are  some  of  the  prlucipal  results  obtainra  by  Colonel  Lavrov : 
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Theee  resulto  prov?  among  other  things  that  it  is  1>est  to  cool  the  metal  rapidly 
while  it  is  in  the  liquid  state,  auil  to  hasten  the  cooling  even  after  solidification. 

This  suggested  tu  Colonel  LaTtorthe  ideaof  discarding  in  future  the  inetbod  of  cast- 
ing in  saucT  molds  and  of  using  iron  molds  instead.  Such  molds,  which  produce  a 
sudden  chliliug  of  the  metal,  impart  to  it  considerable  strength,  and  moreover  have 
the  advantage  of  possessing  an  invariable  shape.  The  metal  conseqnentlj  aoUdifies 
into  a  volume  the  size  of  which  has  been  accurately  calculated  in  advance.  Another 
modification  was  designed  with  tbein(«ntion  of  assuring  uniformity  in  the  shnnhage, 
BO  as  to  supply  from  the  liquid  metAl  that  diminution  of  volume  which  ooeoTS  while 
pa«sing  from  the  liquid  to  the  solid  state. 

To  this  end  Colonel  Lavror  so  deHigned  the  interior  proflle  of  Ihe  mold  that  each  o( 
the  transverse  sections  should  be  at  least  eijual  to  the  lowest  section,  so  that,  soIidiB- 
catiuD  commencing  at  the  bottom,  the  liquid  metal  might  feed  the  lower  ports  as  fut 
aa  and  to  the  extent  that  the  solid ilication  occurred, 

The  old  mode  of  casting  with  the  breech  down  was  then  discarded,  and  from  that 
time  the  chase  formed  the  lower  part  of  the  mold.  Moroovor,  there  is  another  id- 
vantage  derived  from  this  mode  of  casting.  During  the  first  moments  of  cooliug  tlit 
gun  may  be  considered  a  vessel  with  thin  walls  filled  with  a  very  heavy  liquid.  This 
will  contract  as  it  coob,  aud,  if  the  breech  be  down,  wilt  be  suspendeil  by  meolJl  of 
the  trunnions,  which  consequently  have  to  sustain  the  entire  weight  of  the  gun.  Thia 
may  also  be  the  cause,  due  to  the  unequal  shrinking  of  the  different  parts,  of  pcodac- 
Ing  numerous  sniall  cracks  in  such  weak  spots  as  the  rear  of  the  trunnions,  which  ai« 
lllled  with  white  metal,  the  fusibility  of  which  keeps  it  liquid  longer  than  the  rest  of 
the  mass. 

In  order  to  asimre  the  mixture  of  the  npper  ports  of  the  casting  a  aialnng-head  ii 
placed  above  the  breech.     Its  cooling  is  rebirdM  by  a  sand-bead  placed  on  top  of  tbs 
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mulil  [in>piY.    Thia  p»rt  of  the  inoM.  inclosed  iu  bhiiiI,  forma  a  reservoir  of  fluid  metal, 

vbicli  Hrippliea  tUe  space  produced  hy  tlie  contmctiou  as  fast  na  it  occuia. 

ThP  tnumiung  wLen  cfu>t  have  tlie  sliape  of  trapezoidal  prisma.  WitR  this  funn 
Ibuy  have  the  advaut(t|;i'  of  being  able  t^t  descend  freely  with  the  rest  of  the  casting 
daring  tho  contraction  of  the  maaa.  This,  hoirever,  refei-n  to  amall  caatiuga.  For 
Uree  catibera  it  ia  far  preferable  to  cast  the  tniunioDH  aepaiately  attached  to  a  ring, 
nhich  is  sabeequentlyiieat^d,  slipped  over  the  gim,  and  ^runk  into  place.     •     •      * 

We  can  now  paaa  to  an  examination  of  some  of  the  detaila  iu  the  fabrication  of  can- 
Dim  :  anch  aa  has  been  proposed  by  Colonel  Luvrov,  and  such  as  he  haa  actually  tried 
It  (lie  arsenal  at  St.  Petersburg. 

The  mold  in  which  the  guns  are  cast  ia  com]>OBed  of  thre^  or  four  caat-iron  tlaaka, 
^ach  of  which  is  fornied  in  two  parts,  connect«il  together  by  bolts,  and  provided  with 
TTuuniouB  or  hnudlea  to  facilitate  the  manipulation  of  the  mold  and  its  disposition  in 

The  aanrmhlinfr  of  the  mold  ia  commenced  by  layiiig  a  cast-iron  bed-plBl«,  covered 
by  a  mixture  of  two  parts  of  broken  fire-brick  and  one  part  of  black  refractory 
»aml.  •  •  •  Upon  thia  bed-plat«ia  placed  the  muzzle  section  of  the  mold  (A,  Figs. 
I,  2,  aud  14,  Plate  Vll),  forming  on  the  eit«rior  the  frustum  of  a  right  pyramid,  and 
OD  the  interior  a  truncated  cavity,  divided  into  two  parts  and  nnit^  toeelher  bv  six 
boltx.    Ah  this  part,  after  the  solid ili cation  of  the  casting,  is  only  lifted  when  laid  hori- 


nntally,  it  In  not  furnished  with  trunnions  like  the  other  sections  of  the  mold.  The- 
fallowing  section  (B)  contains  the  trunnions  of  the  gun.  It  ia  nlao  divided  Into  two- 
|iartH,  i-onnecled  together  by  four  bolt^  and  furnished  with  handles.  The  position  of 
the  trunnions  in  marked  by  two  deep  prismatic  recesses,  which  bi«  symmetrically  di  vidad 
l>y  the  plane  of  nnion  of  the  two  parts  of  the  flask. 

Tbesp  nM'esscH  commence  at  a  height  of  3  or  4  inches  above  the  trunnions  and  reaob 
almost  to  the  bottom  of  the  flask  A.  Toward  each  end  the  recesses  gradually  diminish 
in  dnith,  and  their  Hnrfaces  as  grRdiinlly  coincide  with  that  of  the  interior  of  the  mold. 
The  breech  section  C  dillers  only  from  section  B  in  the  absence  of  the  recesses  for  Um 
truDDions  and  by  on  enlargement  made  in  the  upper  part  of  the  mold. 

Sometimes,  as  in  guns  larger  than  9-pounderB,  the  flask  C  is  replaced  by  two  fioska, 
(he  loner  of  which  is  mode  with  thick,  the  upper  with  thin  walls.  FinaUy,  the  mold 
uf  the  sinking-head  D  ia  so  made  as  to  secure  a  gradnal  cooling  of  the  metal.  This 
accounts  for  its  being  made  in  the  old-fashioned  way  of  sand.  The  entire  interior  of 
the  mold  is  then  painted  with  coke-wash,  and  afterwards  with  a  heavy  ooat  uf  the 
Mme,  until  the  surface  assumes  a  bright  metallic  appearance. 

Vigs.  3,  4,  Hiid  5  represent  the  plan  uf  the  muzzle  part  of  the  flask,  the  section  uf  the 
part  fur  the  trunnions  and  the  sectinn  uf  the  part  for  the  sinking-head. 

Trunnions  for  mortars  are  cast  separately  in  special  flasks,  inga.  6  and  7.      '    . '      * 

The  difiurent  »eotiunsuf  thefliwk  areassembled  iu  tbepitof  thefonnderyou  thecaat- 
■-in  Iwd-plate,  which  rests  oo  the  cylinder  of  aa  hydraulic  press. 


In  order  to  support  the  mold,  the  upper  sections  of  the  flask  are  helil  by  two  chaiua 
fastened  into  the  walla  of  the  pit,  and  the  bottom  of  the  aection  for  the  abase  is  se- 
cured by  means  of  au  especial  frame  (Fig.  14,  K,  and  Fig.  S),  the  unper  plate  of  which 


ir  of  the  flask  and  the  lower  pierreil  through  the  center  nith  a 
roand  orifice.     The  use  to  which  thia  is  put  will  be  further  explained. 

Above  that  portion  of  the  mold  which  coiitaius  the  sinking-hi'ftd  is  placed  the  uap 
1'  (Fig.  9),  which  is  united  to  the  bed-plate  by  four  rode  (0,  Fig-  H),  always  kept  in 
■  a  state  of^  tension  by  means  of  the  Hpriugs  H  presain^  against  the  heads  of  bolts  U  at 
the  ends  of  the  rods  and  against  the  uniler  surface  of  the  bed-plate  B. 

Within  the  cap  is  inserted  an  earthen  tube,  r  (Fig-  10),  and  abovo  it  a  cast-iivn  tubtt 
of  the  same  dimensions,  but  connected  with  a  rectnugular  trough  L  (Fig.  II),  wIiIcIl 
in  its  turn  ia  surmounted  by  the  compressor-block  M  (Fig.  ISi). 

A  ['onical  projection,  m,  is  attarhe<l  to  the  under  surface  uf  the  block,  which  is 
pierced  at  its  four  comers  with  holes,  through  which  pass  the  nprights  N  (Hg.  14), 
vhich  reach  to  the  bottom  of  the  pit,  where  they  hold  suspended  n  thick  cast-iron 
plale,  O,  upon  which  is  applied  the  piston  of  an  hydrau1i<'  iack. 

At  Ihe  moment  of  casting,  the  entire  arrangement,  M,  X,  O,  is  susitended  from  a 
I'tane,  and  the  extremitv  of  the  conical  projection  is  from  2  to  3.5  inches  above  the 
upper  orifice  of.the  tube  (.  But  hardly  is  the  mold  tilled  with  metal  when  the  chain  4^ 
tile  crane  is  Inweretl  and  the  hydranlic  prensnro  applied. 

The  piston  Q  presses  firmly  (vgainat  the  plate  O,  which,  by  means  of  the  uprights  H, 
pulls  down  the  compressor-block  M.  The  conical  prujection  m  cluacs  the  upjier  oriflo* 
of  the  tube  I,  and  the  tubo  r  is  forced  info  the  lioiiid  metal  some  SO  inches  (oO  0.  m.) 

In  order  that  the  metal  may  not  escape  frum  below,  the  lower  opening  of  the  section 
of  the  dask  for  the  chnno  is  nlused  by  means  of  a  disk  (Fig.  13)  alHiut  :{.5  inches  thidc, 
D.5  inch  of  this  thioknesa  titf  ins  into  the  flask  and  the  reiuaiuder  into  a  recens  cut  in 
the  center  of  the  inner  plate  of  the  frame  E  (Fig.  8).  The  whole  Is  carefully  danbed 
"ith  sand  in  anch  manner  aa  to  prevent  all  possible  escape  of  metal. 
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APPENDIX  a 

DE8CKIPTI0N  OF  THK  LTLE^EHEBY  QBAPPLE  SHOT.       . 
Lleat  D.  A.  Ltle,  Ordniuuw  Departmsnt. 

Four  plates. 

This  projectile  waa  devised  by  Lieut.  D.  A.  Lyie,  Ordnance  Depart- 
ment, IJ.  S.  A..J  and  Mr.  G.  E.  Emery,  draaglttsmaD  at  the  ITational 
Armory.  It  is  intended  for  iwe  in  connection  with  the  2J-ineh  Lyle  gnn 
for  life-saving  pnqjoses. 

DEHOEIPTTON. 
Shot  No.  1,  PUite  I,  marked  A  1. 

riim  is  an  elouguted,  solid,  caiit-iron,  sinooth-lraie  projectile,  with  a 
wrouglit-iron  base  and  sliauk.  la  form  the  shot  is  OTlindro^gival.  The 
radias  of  the  ogival  head  is  e()ual  to  the  diameter  of  the  projectile.  An 
aiial  cavity,  1.35  inches  {S-lTo  centimeters)  deep  is  bored  iu  the  rear 
end  of  the  shot,  upon  whose  interior  cylindrical  stuface  is  cnt  a  fem^ 
screw-thread  to  engage  the  screw  on  the  wroa^ht-iron  base.  The  base 
has  a  cylindrical  axial  cavity  drilled  through  it,  with  a  rounded  groove  on 
one  side  to  accouiinodate  the  step  and  stop-spring.  The  front  end  of  this 
cavity  is  enlarged  by  counter-boring,  to  allow  the  necessary  longitudinal 
play  of  the  shank-head  in  oi>cuiug  lind  closing  the  fliikt-u.  The  screw  on 
thisend  fits  that  in  the  body  of  the  shot.  At  the  rear  end  of  the  base  are 
cm  five  sectoral  slots,  equidistant  circumferentially.  These  slots  re- 
ceive the  heads  of  the  flukes,  which  are  fastened  to  the  base  at  these  pointa 
by  rivets.  Circular  grooves  are  milled  out  between  the  slots  to  allow 
thf  insertion  of  the  rivets.  The  shank  is  of  forged  wrought  iron.  The 
front  end  of  this  bolt  lias  a  screwthreiid,  niwn  which,  after  iusertion  in 
the  axial  cavity  of  the  base,  a  nut  is  phieed.  This  end  of  the  bolt  is 
riveted  after  screwing  ou  the  nut.  A  rectangular  groove  on  one  aid* 
of  the  shank  receives  the  stop  and  spring.  Five  lugs,  placed  cqaidis- 
tantly  aronod  the  shank  neai-  the  forward  end,  serve  an  poiutij  of  attach- 
ment for  the  links  that  extend  the  Hukes.  The  rear  end  of  the  shank 
contains  an  eye-hole  for  attaching  the  line  in  firing.  Each  link  is  com- 
posed of  two  flat  pieces  of  Tn>y  steel,  with  holes  at  each  end  to  receive 
the  rivets  that  connect  them  with  the  shank  and  fluke.  The  fluke.s,  Ave 
in  number,  are  also  made  of  Troy  steel.  Each  fluke  has  a  rounded  notch 
near  its  uppu'  or  forward  end  to  aocommodate  the  corresponding  lug  on 
the  shank  when  closed.  All  edges  or  angles  are  carefully  round^.  The 
details  of  form  and  construction  had  to  he  such  as  would  permit  the  use 
of  the  projectile  in  the  2j-incli  gun  already  in  the  service,  and  prevent 
the  entanglement  of  the  line  as  much  as  possible  in  flring. 
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DIMEN810NB  AJO)  WKIQHT. 

luchea.    Centlmeten, 

Totol  length  of  body  and  bono 13.50    =34.289 

Lenirtliof  ogiTftlhemd 2.17   =  5.5118 

ItaiUiwofhMd 2.50  =  6.350 

Length  of  oylindrical  part T 9.83   =24.967 

Diameter  of  oylindricot  part 2.50   =   6.350 

Axial  cavity— Length 1.25   —    3.175 

Dinmetor 1.50   —   3.810 

B«»0— Totallength 2.75   =   6.965 

Body— Length 1.50   =   3.810 

Diameter 2.50   =   6.350 

Screw-thread— Length LKi   =    1X75 

Diameter 1.675=    4.253 

Axial  cBvitv— Length 1.00   =   2.54 

Diameter 0.635=   1.5S; 

Width  of  slot  for  stop 0.24   =   tJ.6U9 

Counttr-bore— Length 1.75  =   4.445 

DiameU'i' L  1-25  =   a.  857 

Stop— Total  lengUi 2.1"  =   5.334 

Width 0.24  =  0.609 

Qreat««t  thickneaa 0.20   =   0.508 

Least  thickneaa 0.14    =    0.3^ 

adght  of  ^onlder , 0.06    =    0. 152 

Distance  of  shonlder  from  rent  end    I .  ^)   ^=    :).  175 

Shank-Total  length 13.23  =UU.654 

Length  of  screw-thread 0.65   =    l.f.51 

Diameter  of  Bcrow-thread n.6r.=    l.r^ 

Nnt^Diometer 1.125=   2.857 

ThicknesB 0.025=    l.SW 

Length  from  plane  of  base 10.50   =26.670 

Distance&ombaso to ccnterof eye-hole 10.00   ^25.400 

Diameter  of  oye-hole 0.40   =    1,016 

Widtb&teye 1.00   =   2.540 

Thleknew  at  eyo 0.40   =    1,016 

.    DiMnet«r  of  neck 0.625=    1,587 

Stop  slot- Length 2.10    =   5.334 

Width 0.24   =  0,609 

Depth 0.10   =    0.254 

Lngs — Number  of Five.        Five. 

Length 0.60  =   1.524 

Height  above  axis  of  shank 0.875=^  2,222 

Thickness 0,25  =  0.635 

Diameter  of  eye 0.30    =    0.76B 

Unks— Number  of  pieces Ton.  Ten, 

Leneth 2.10    =   5,334 

Width 0,60    =    1.524 

Thioknran 0.125=   0,317 

DiameU-r  of  rivet  holes 0,30   =    0,762 

Distance  between  center  ami  rivet  holes '  1, 50   ^    3. 810 

Flnkes— Numl)er  of Five,         Five. 

Length t'.30   =81,082 

Greatest  width 0.60  =   l..->24 

Lesserwidth 0,30   =   0,762 

Widthatpoiut 0,10    =    0.254 

Thickness 0,25   =    0,635 

DiamctiT  of  rivet  holoH 0,30    =    0,762 

Distance  between  rivet  holes..... 2,0.")    ,=    5. 206 

Total  length  of  shot  and  shank  with  flukes  closed 23, 50   = .%  689 

Totallouglhof  shotandshank  withflukesextendod...  24,60   =(£i.483 

IMatanoeof  i'ent«r  of  gravity  &om  base 5.00    =12.700 

Weight l-J.2ie  +  llw.  =8.2Wltilo» 

ACTION. 

The  pivjectilu  ia  iuiierted  iu  the  guu  point  first,  witli  the  finkes  closed 

and  the  line  tied  in  the  eye-hole  of  the  shank.  In  this  position  the  base 
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of  tlie  shot  is  toward  the  muzzle  of  the  gan;  the  flakes  partially  eater 
the  bore  while  the  shank  extends  beyond  tbe  mnzzle.  lu  fliing,  the 
projectile  describes  the  first  part  of  its  tr^ectory  baso  foremost;  the 
strain  upon  the  sliank  being  toward  the  rear,  the  flukes  are  kept  closed ; 
bat,  as  soon  as  the  projectile  reverses,  the  tension  on  the  line  draws 
oat  the  shank  to  the  limit  of  its  play  in  the  base,  spreading  the  flukes 
to  their  full  extent.  When  tkeliead  of  the  shank  reaches  the  bottom 
of  the  counter-bore  in  the  base  of  the  shot,  the  stop  is  thrown  out  by 
the  action  of  the  stop-spring  and  a  square  shoulder  catches  on  the 
base  and  prevents  the  closing  of  the  flukes.  The  latter  may  be  opened- 
and  closed  readily  by  hand.  To  close  the  flukes  press  the  thumb  upon 
the  stop  until  the  shoulder  is  disengaged,  and  then  push  in  the  shank 
gently  till  its  head  strikes  the  front  end  of  the  counter-bore. 


When  vessels  ai-e  stranded  the  crews  sometimes  fasten  a  line  or  rope 
to  a  cask,  spar,  buoy,  or  raft,  and  heave  it  overboard,  hoping  that  the  wind 
and  waves  will  throw  it  on  the  shore  to  be  seized  by  persons  there,  thus 
establishing  communication  between  the  wreck  and  beach.  It  frequently 
occurs,  however,  that  there  is  an  inshore  current  that  carries  the  float- 
ing object  along  parallel  to  the  coast,  in  which  case  the  object  desired 
fails  to  be  attained.  This  projectile  was  devised  for  the  purpose  of 
firing  over  the  line  thus  paid  out  from  the  stranded  vessel,  so  as  to  pass 
above  that  line  at  some  point  between  the  cask  or  buoy  and  the  vessel, 
and  then  by  hauling  in  the  attached  shot-line,  the  flukes  grapple  the 
ship's  line,  and  eimble  the  life-sa\ing  crew  on  shore  to  land  the  buoy  and 
secure  the  Une  from  the  vessel.  There  are  other  uses  to  which  it  may 
be  put  that  will  readily  suggest  themselves  to  those  familiar  with  the 
semce. 

Shot  No.  2,  Plate  II,  marked  A  2. 

This  projectile  only  differs  from  Xo.  1  in  having  the  body  two  inches 
shorter  and  the  shank  two  inches  longer  than  that  shot,  and  in  being  of 
less  weight.    The  details  are  given  in  the  plate. 


EXPLAMATION  OF  PLATES. 

Plate  I. 

Fig.  1.  Partial  longitudinal  section  of  grapple  shot  with  the  flukes 
dased. 

Fig.  2.  Same,  opened. 

Fig.  3.  Shank,  showing  lugs,  &c. 

Fig.  i.  Section  of  shank  showing  relative  position  of  lugs  and  method 
of  attaching  links. 

Fig.  5.  Side  and  rear  elevations  of  base. 

Fig.  G.  Plan  and  side  elevation  of  stop  and  spring. 

Fig.  7.  Plan  and  elevation  of  nut  or  shank-head. 

Fig.  8.  One  of  the  pieces  forming  the  link. 

Fig.  9.  Side  and  edge  of  fluke.  j—  i 

"  D,3„z.dbyGOOgle 
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Plate  II. 

See  ezpkiiatioii  of  Plate  I.    The  same  flgnres  are  used  in  Iwth  i< 
dedgliate  gunilar  parte. 

Plate  HI. 

The  I^le-Elmery  grapple  shot  closed. 

Plate  IV. 
The  same  shot  open. 
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APPENDIX  T. 

DEMCRIFl'ION  OF  THE  LAIDLEY  CAVALRY  FOKCiE. 

<>l.  T.  T.  S.  Ulol.Kt,  Mnlnnncc  IVpnrlmPul 

(Seven  plat«s.) 

The  cavalry  boanl  of  1874  rc<miiinend«d  foi'  Hie  <;avalry  sei'viw,  ■'  to 
sujjply  a  want  long  felt,"  "  the  adoption  of  ii  traveliuK  foi^curt,  to  be 
ieaned  to  each  company  of  cavalrj-j  for  the  piiri>ose  of  carrying  the 
blacksmith's  bcUows,  flre-box,  anvil,  coal,  blacksmith's  toolH,  borse- 
dhoes,  nailH,  and  iron  ;  also  for  the  purpose  of  carrying  the  extra  am- 
inonitiou,  saddler's  tools,  ami  supply  of  leather  for  repairs  of  horse 
eqnipments."  The  cart  was  to  be  an  open  one,  without  cover  or  tail- 
board, and  of  such  si:te  as  to  0ve  a  stowage  of  21.9  cubic  feet  for  tools, 
coal,  and  materials,  paiiked  in  boxes,  and  arranged  for  draught  by  two 
horses  or  uiules,  one  in  shafts  and  the  other  by  bis  side  or  in  front. 

After  the  necessary  strength  t<»  withstand  the  wear  and  tear  of  ser\'- 
ive.  and  the  desired  oflicieney  to  do  the  required  work,  the  uext  most 
important  requisit*-  for  a  forge  foi'  the  cavalry  is  light  weight,  to  enable 
it  to  move  with  rapidity. 

Of  late  years  the  smith's  bellows  for  blowing  his  lii'e  has  been  gradu- 
ally giving  place,  both  in  jmrtable  and  stationaiy  forges,  to  the  rotjuy 
fan-blower,  which  lias  the  a^lvantage  of  giving  a  much  better  and 
steadier  blast  and  occiipjing  less  space.  These  qimlities  fit  it  in  tai 
eminent  degree  for  use  in  traveling  forges  and  specially  urge  its  claims 
for  favorable  considemtion ;  but  it  was  found  on  risiting  shops  where 
both  systems  were  used,  that  the  bellows  were  preferred  by  ttie  work- 
men, and  this  arose  on  account  of  the  monotonous  and  tiresome  mode 
of  working  the  fan-blower,  which  was  done  by  a  crank.  This  motion 
does  not  admit  of  the  same  change  of  position  as  that  for  blowing  the 
bellows,  but  calls  in  piny  always  the  same  muscles,  and  admits  of  little 
uhangt!  or  relief.  It  was  itlear  that  in  order  to  make  the  introdnction  of 
the  £au-blower  a  success  other  means  of  gi\ing  motion  to  it  must  be 
devised."  It  was  observed  that  sewing-maefaines  and  hand-lathes  were 
KUccesstUlly  W4)rked  by  Hall's  treadle,  which  communicates  motion  al- 
ivays  in  the  Mime  direction  by  simply  pressing  tlie  foot  on  the  treadle, 
no  matter  in  what  i>ositton  the  dy-wheel  may  be ;  it  has  no  dead  centers. 
It  was  believed  that  if  the  blower  were  arrauged  to  be  driven  by  a  levw 
worked  by  the  hand — so  as  to  enable  the  man  to  change  his  position 
and  shift  the  work  from  one  hand  to  the  other,  the  sole  objection  to  the 
blower  would  disajipcar  and  a  better  and  more  constant  blast  be  ob- 
tained— the  space  occapictl  by  it  1>eing  le^s,  the  size  and  weight  of  the 
oart'  <rould  be  diminisbeil. 

A  Iti'tter  disposition  of  the  tli-e-pan  was  desirable,  so  as  to  obviate  the 
necessity  of  breaking  and  forming  the  connection  of  the  blast-pipe  with 

'111  thia  ix>ii»ertioi]  1  have  to  call  your  ntteulimi  lo  tlit.>  cmlit  due  to  Mr.  A.  T. 
llreviT,  of  ttiis  arM'nnl,  for tlu-  zeal  be  liaHiibonru  aitit  the  iuti'l1t|!etico  that  liaagiuiletl 
it  &OID  thn  IwK'iiiitnK  '"  t'"'  <;ouip1otioti  of  this  nriirk.  He  tiTHt  lirmight  to  luy  att«D- 
lion  tUt-  fnriiiient  iihh  <>f  fHii-blowerx  fur  portftbit-  forces  uiiil  beflidos  tli«  silent  ratchet, 
>*htch  JH  an  vtfectivi-  an  inf^ninua,  then:  iim  olber  uiittticH  of  dutiiil  of  hit  ttrranging. 
Witiont  hJN  ii4«i!.t«rm'  I  nin  mir-^  tliP  di>t:iila  ••(  tli.>  tin;;.,  wrmlil  ii.H  !«  as  >'ciiiipM<'  a* 
tlifv  „<.w  .-UT. 

■iJKi 
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the  fire-pau  whenever  tlie  forge  waa  to.be  prepai-ed  for  the  march  or  for 
work.  This  was  effected  by  making;  this  connection  permanent,  and 
caHsing  the  flre-pan  and  blower  to  slide  in  and  oot  of  the  body  of  the 
cai-t  when  requii-ed,  or  not,  for  use,  like  a  tabic  drawer.  It  wan  also 
deeme^l  advisable  to  provide  the  lio<iy  with  a  light  wooden  cover,  the 
better  to  protect  the  contents  of  the  boxes  from  rain  and  dnst. 

The  body— (Plates  t  and  Il.i 

The  body  of  the  eurt  is  couii>osed  of  two  sides  and  two  middle  i»illa 
of  oak,  diminishing  in  depth  from  the  middle  to  either  end.  They  are 
let  into  the  axle  body  to  wliieb  they  are  secured,  the  foi-mer  by  two  un- 
der straps  and  tlie  latter  by  two  bolta.  The  side  sills  ai-e  rabbeted  to 
receive  the  ends  of  the  flooring  boards,  which  are  0.5-inch  ash,  aud  cou- 
ne^t  the  sills  together.  The  rear  end  of  each  middle  sill  and  its  eorre 
spoiidiug  side  sill  is  connected  by  ii  rear  sill,  and  the  end  of  the  midiUc 
BiH  is  bractMl  by  a  p]at«-Miip])ort  biuged  to  the  end  of  the  covei-.  Run* 
for  the  saddler's  box  are  riveted  to  the  snpiwrts.  Tlie  footboanl  k 
fastened  to  the  sills  by  two  bolts  in  each.  The  si>liuter-b»r  couuect* 
the  front  ends  of  the  sills,  which  are  held  by  one  bolt  in  each.  It  in- 
jects beyond  the  body  on  tlie  off  side,  and  is  strengthened  by  two  irou 
brat^es.  Four  iron  stays  are  bolted  to  each  side  sill,  and  the  sides  of 
the  boily,  mjMie  of  0.5-inch  whitewood  boards,  are  riveted  to  them.  Tlif 
rear  stays  have  projei-ting  logs  with  holes  for  the  tail-rod.  f 'onier  irons 
aiv  screwed  to  the  iront  end  of  the  body,  wbicb  is  cut  down  to  tlie  diii- 
tamv  of  one  foot  (o  form  a  seat  for  the  driver.  Two  vertical  partitions 
l>arfl.llel  tn  and  in  front  of  the  axle  tbrni  tw<i  comi)artmeut.s,  one  miilw 
the  drivers  seat  and  tin-  other  jnst  in  rear  of  it.  This  latter  is  fnrtlier 
divided  in  the  nuddle  oi'  its  length  by  a  vertical  itartition  running  ciinw- 
wise. 

Tlie  space  between  tlie  tiiiddle  sills  in  rear  of  the  axles  is  not  flouted. 
Tlie  front  lialf  of  this  spiM^o  is  covere<l  in  by  a  thin  boiler-jilate  inverteil 
arch,  (■l<)se<l  at  the  front  end,  which  is  fkstened  to  the  axle  body  and  se- 
cured to  the  top  of  the  uiiildle  sills  by  the  sci'ews  that  hold  the  goidr- 
platcs.  These  latter  direct  the  motion  of  the  forge-frame  in  sliding  in 
and  out.  The  step  is  fastened  to  the  side  sill  on  the  near  side  nnder 
the  foot-board.  A  seat-rail  is  screwed  to  the  top  of  the  driver's  seat  at 
each  end.  Four  stirmps  are  bolted  to  the  splinter-bar,  and  two  piutle- 
hooks  and  a  shackle  to  the  axle  bo<ly,  to  secure  the  shafts  in  ditferent 
positions,  as  required. 

Tlie  anril-rack  is  ma^le  of  two  pieces  of  angle-iron,  secui-ed  at  the 
front  ends  to  tbe  axle  by  two  tap-screws,  about  which  they  move  as  a 
hinge.  Tbey  are  joinecl  at  their  rear  ends  by  a  cross-piece,  to  which  is 
riveted  a  hasp,  it»  staple  and  plate  being  screwe<l  to  the  rear  sill.  ^ 
brake,  to  regulate  tbe  motion  of  tbe  cart  iu  going  down  hill,  is  provided, 
and  isoiMM'ated  by  tbe  driver's  foot  pressing  against  a  lever  just  iu  front 
of  tbe  splinter-bar.  Two  proi>s  inatle  of  gas-pipe  are  hinged,  one  to 
the  front  and  the  other  to  tbe  rear  end  of  the  body,  and  are  held  iu  yo- 
sitiou  when  traveling  by  sjtring  catches  operated  by  a  wire  rod  euilitiE 
in  a  ring  at  a  convenient  point. 

The  axle  is  let  into  the  axle  body  and  secured  to  it  by  the  under  stiiiii*. 
Hha<;kle,  aiui  Ixilts.  Its  undci'  surface  is  in  cross-section  tbe  arc  of  ^ 
<;irele. 

The  co\'er  lias  a  light  frame  comiMised  of  two  rails,  two  ends  of  oat. 
slightly  ari'lu'd,  and  three  ribs  of  ash,  covered  with  .37o-inch  whitewood 
boards,  she.itlied  with  No.  25  shect-c«p()cr.     It  is  hinged  to  the  body  at 
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ibe  I'ear  end,  and  secured  at  the  front  by  a  hasp  and  staple  for  a  pad- 
lock. A  folding  iron  prop  bolda  it  in  poHJtiou  when  open,  .^o  t^- 
board  is  requii'ed.  The  coal-box,  fire-pan,  smith's  and  saddler's  boxes 
fill  the  body  and  are  held  in  place  by  the  tail-rod,  which  is  secured  by 
a  key  and  padlock. 

Tlie  shafts  are  cur^x-d  to  give  the  horne  greater  freedom  of  motion. 
In  the  selection  of  tbe  wood  care  must  lie  taken  to  get  aueb  as  has  a 
con-esponding  curve  in  the  grain,  so  a^  not  to  «ut  across  it.  The  large 
end  is  provided  with  an  iron  shaft-eye  by  which  to  attach  it  to  the  axle 
body :  that  for  the  off  shaft  i.t  bent  to  keep  it  away  from  the  wheels  so 
as  to  avoid  the  collection  of  mud  on  it.  J^ye-plates  are  riveted  to  the 
front  ends  to  bitch  tbe  tracer  of  the  horse  in  ftont.  The  shafts  may  be 
sbiftctl  so  as  to  admit  of  the  caii  being  drawn  either  by  two  horses 
abreast  or  tandem.  A  wfaiflletree  hooks  in  an  eyebolt  on  the  nei^r  end 
of  the  splinter-bar  for  draught  when  the  horscH  are  abreast. 

The  wheels  are  ■'>7  inches  in  height,  have  sixteen  spoken,  bronze  naves, 
and  steel  tires. 

The  anvil  is  secni'ely  attached  to  ittt  block  by  means  of  a  bolt  passing 
tbruugh  the  latter.  Tbe  head  of  iliis  bolt  has  a  screw-thread  cut  on  it, 
on  nhicli  the  auvit-block  ba^^e  is  screwed.  This  is  a  cii'cutar  plate  of 
wrought  iron,  and  is  required  to  give  greater  stability  to  the  anvil  when 
iij  use.     It  i-<  cjirricd  in  the  tire-paii. 

Forge— (Plate  III.) 

The  foFgc  is  coniposcd  of  a  l>ox-shiiped  wrought-ifon  frame  to  wbich 
art-  secni'ely  riveted  the  flw  box,  fan,  and  brackets  for  the  necessarj' 
gwiriug.  It  is  TOUiplete  in  itself,  Hnd  may  be  used  either  in  tbe  cart  or 
pluced  on  tn^sttes  in  a  tent  or  Hho|).  En  the  former  case  it  slides  on 
brass  ways  tiisteued  to  tbe  middle  sills,  and  is  held  in  place  by  a  lock- 
iDjc-boltj  P,  o|)erated  by  the  lever  (■  The  tire-i)an  F  is  formed  by  adding 
a  sheet-irou  bottom  with  a  large  Imie  hi  the  middle  to  one  portion  of  the 
fnime  and  riveting  to  it  a  circular  cast-iron  dish  having  in  its  center  a 
.seat  for  tbe  tuyere  tuid  a  connection  for  the  blast-i)i]>e.  Tbe  bottom  of 
tbe  latter  is  movable  and  fonns  a  door  through  which  to  clean  out  the 
ashes  wbicb  may  fall  ttirough  the  tuyere 

The  Rre-p^D  has  a  sbeet-irou  double  cover  hinged  to  its  rear  edge, 
and  forming,  wlien  open,  a  Are-back  for  the  forge.  A  sheet-iron  apron, 
hinged  to  the  ujiper  front  edge  of  the  fire-pan,  closes  in  tbe  cart  when 
the  forge  is  not  in  use  and  excludes  the  dust.  The  rotary  fan  D,  Stur- 
tevaut's  OOUO  pressure  blower,  about  twelve  inches  iu  diameter,  is  se- 
cm'ed  to  the  transoms  S  S  by  four  bolts,  and  admits  of  a  motion  of  5- 
inch  to  the  front  and  rear  for  the  puri»o»e  of  keeping  the  proper  tension 
on  the  belt>  which  is  eflfected  by  turning  the  screw  K.  The  rotary  fan 
requires,  in  order  that  it  may  perform  its  work  to  the  beat  lulvantage, 
that  it  shall  revolve  rapidly.  To  attain  the  desired  speol  a  system  of 
gears  and  pulleys  is  necessary.  Two  wronght-iron  brackets  A  A  are 
riveted  to  tlie  transoms ;  their  bronze  bushings  form  tlie  bearings  for 
three  shafts,  B,  C,  and  (i,  the  former  two  carrying  each  a  wheel  and 
pinion,  and  the  latter  the  driving-wheel  H,  with  teetb  cut  on  the  face 
and  both  edges ;  ou  the  shaft  G  is  placed  the  lever  L,  which  carries  two 
liawls  working  in  tbe  ratchets  of  the  driving-wheel  H.  A  simple  device 
rjiises  the  pawls  IVom  the  nitcbets  when  not  at  work  and  prevents  the 
cUi^kiug  noise  conuuou  to  ratchets.  A  spiral  spring  attached  to  the 
thort  arm  keeps  the  lever  dowu  really  for  use ;  the  bmke  handle  is  en- 
eaged  in  the  link  T  anrl  resting  in  the  fulcnim  K.     A  rotnry  motion  is 
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given  to  the  fan  by  pi'esHing  the  Iovit  dowu  with  the  Laud,  coutiniiiug 
the  piiiup-haiidle  motioii  with  a  length  of  stroke  to  suit  the  pleaBure  or 
requirements  t»f  the  workman,  and  greater  rapidity  till  the  deairod  mo-    , 
tion  is  given  to  the  fan;  it  is  always  in  the  right  direction.  | 

In  the  caits  tirst  hnilt  tlie  driving-wlieel  and  lever  wei-e  different  from 
that  just  describeil.  The  wheel  lia<l  in-pluce  of  the  i-atcbet  a  projecting 
rim,  iind  the  lever  instead  of  the  jiawl  hml  two  bronze  arms  beanng 
two  8t**l  gibs  einbinciug  the  rim  ;  when  the  lever  wan  raised  the  gihs 
caaght  the  rim  of  the  wheel  and  Ii,v  their  friction  caused  it  to  turn. 

The  silent  ratchet  was  preferred  on  atx-oinit  of  its  iwsitive  action  uiid 
the  lews  acciirai-y  of  adjustment  ii^ipiii-eri  fin-  its  sa>tisfactory  perform- 
ance. The  fulcra  K  K  iuV-  riveteil  to  the  fninu^  and  have  a  binge  Dear 
their  lower  ends  that  tliey  niaj'  be  fohleil  <lown  on  the  &re-i>an  whi>n  not 
in  use.  The  diaphnigni  M  is  riveted  tx>  tlie  frame  and  closeft  against 
the  fan  protiM^tor,  excluding  the  dust  and  dirt  from  the  fan  and  geaiiiig. 
A  galvaniziHl  sheet-iron  hood  covers  the  geai'ing  and  pi-oteets  it  from 
accident ;  a  poi-ket  in  the  right  side  is  imido  hi  wuTy  the  brake  handle. 

MnXKH— (Plate  IV.) 

The  Ihi.xi-s  arv  miule  of  .■'i-iiich  whttewo«Kl  Iwaids  dovetailed  and  se- 
curely heUl  together  by  small  screwM  and  corner  irons;  one  end  of  each 
is  covered  with  sheetii'on  to  protect  it  from  the  effect  of  the  smith's 
Are. 

The  smith's  tool-box  has  thrwi  horizontal  partitions  in  it,  mwle  of  l-inch 
a«h  boards ;  a  wmpartmeut  for  holding  the  saddler's  bags,  or  small 
stores,  in  mwle  in  the  front  part  of  the  box  on  hi|>;  access  is  bad  to  it 
when  the  cover  is  raised.  The  rear  end  of  the  l>ox  is  closed  by  a  door 
covered  with  sheet-irou,  huug  on  hinges ;  it  is  secured  when  iu  the  cart 
by  the  tail-rod,  but  has  also  a  pwllock  for  se«'urity  when  the  l)ox  is  re 
move<i  from  the  cart. 

The  coal-box  coiTesiH>n<ls  iu  uonsti'uction  with  the  tool-box  except  it 
has  no  horizontal  ]>artitious,  but  has  a  sliding  door  of  iron,  in  the  rear 
eud,  through  which  the  coal  is  taken  out  as  required ;  this  door  haB  a 
handle  which  is  set^u'cd  by  the  tail-ro<l.  The  box  is  filled  with  coal  from 
the  top,  first  having  been  partly  pulled  out  to  tlie  rear;  it  will  coutaiu 
one  iiundred  and  sixty-live  pounds  of  coal. 

The  saddler's  box  is  of  an  irregular  Hhape,  with  deep  sides  to  contaiu 
the  leather  and  thus  utilize  all  available  space  about  the  forge;  it  has  a 
cover  hinged  at  the  rear  eud  and  is  secured  by  a  chest  lock ;  it  slides 
when  iu  the  cart  on  iron  runs,  aud  is  held  by  a  hasp  and  staple  to  the 
end  of  the  cover,  secureil  by  a  padlock ;  it  may  be  removed  or  rotainwt 
in  the  cait  at  pleasure,  independently  of  the  other  boxes. 

The  shocing-box  is  the  same  as  that  fur  the  field-forge  excejtt  in  leugtli. 
the  former  being  one-half  inch  shorter  than  the  latter;  it  is  carried  on 
the  flre-i»ari  cover.  The  t^mpartment  under  the  driver's  seat  is  for  car- 
rying the  saddler's  horee  and  claui]i ;  the  door  in  finut  closes  against  an 
iron  rablwt  aud  is  held  by  two  spring  Iwlts,  one  of  them  seciired  by  a 
padlock.  Tlie  compartment  for  si>are  ainnninitiou  i.«  secunii  by  )i  slid 
ing  bolt  and  staple  with  a  jtadloek. 

REMARKS. 

"When  the  forge  is  pat'kud  for  traveling,  the  materials,  toohi,  and  im- 
plements are  all  under  lock  and  key  and  imt  liable  to  be  lost  or  stolen. 

The  capacity  of  the  boxes  for  stonige  is  greater  tlinn  that  asked  foi' 
by  the  hoard  by  l.fi  cubic  feet. 
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The  time  re<ittired  to  prepare  tht-  t'or^;  tor  wnrk  or  for  trauttportutioii 
it)  nut  tnort'  tliaii  a  iiiinuto,  and  the  luttei*  can  be  peribrmed  tliougli  the 
fire-pan  may  be  greatly  heated.  Tlie  blast  is  strong  enongb  to  raise  the 
tuyere-plate,  weighinjr  four  ]>oun(l»,  fi-om  its  Meat,  and  a  ba^^afie-wagoii 
asle  may  be  brought  to  a  welding  heat  in  its  fire.  It  has  bieeii  foiiiid  to 
meet  all  the  requiremeuts  of  the  nerrioe,  and  ha«  furnished  the  conven- 
iencies  tor  keeping  sIhmI  for  tive  mtmthsa  wagon  train  of  760  horses  and 
in  ides. 

It  is  I^eli^■^■t;d  that  the  ad\'aiitagcs  gained  by  having  the  Imxes  I'eniov- 
iihle  fivni  the  liody  is  not  commensurate  with  the  expense  aud  (ulditioual 
weight  that  it  necessitates,  and  it  wouM  Ix-  l>ett<'rto  make  them  perma- 
nent fixtures  to  the  cart. 

To  use  ihefiinje. — To  pi-eveut  the  uurt  from  tipiiing  over,  ehoek  the 
wheels  ill  front  and  rear,  and  let  down  both  props  by  pulling  the  handle- 
rings  in  fltint  and  n>ai'.  IJuloek  and  tiike  the  key  out  of  the  end  of  the 
tail-rod ;  withdiiiw  it.  T^et  dowu  the  forge  door  aud  take  out  the  shne- 
ing-ltox.  (irasp  the  liasp  of  the  forge  door  with  the  right  hand,  insert 
the  middle  linger  of  the  left  hand  in  the  handle  of  the  locking-bolt; 
draw  out  the  foige,  jmlliiig  Imth  bands  towanl  the  body ;  as  soou  as  the 
forge  has  iiioveil,  let  go  witli  the  left  hand,  contiuiiing  the  aetiou  with 
the  right  till  the  hM-,kliig-l)olt  at«)p«  it.  Itaiae  the  fulcnim  to  a  vertical 
iiosition.  Unlock  and  turn  the  auvil-hasp ;  seize  the  auvil-block  witli 
ttoth  hands  j  draw  it  out  till  the  anvil  rests  near  the  end  of  the  slide ; 
take  the  auvil-plate  fi-om  the  fire-pan,  screw  it  on  the  end  of  the  block, 
iUid  place  the  anvil  four  feet  in  rear  of  the  cart  and  six  inches  to  the 
left  of  the  left  wheel ;  withdraw  the  bi-ake-haudle  fixwn  its  pocket,  hook 
the  end  in  the  link,  and  enter  the  handle  lu  the  slot  in  the  fulcnim  on 
the  right,  if  the  smith  have  a  helper ;  ou  tlie  left  if  he  have  none.  Bear 
down  on  the  liandle  gently  at  first,  raise  it  a  foot  and  bear  dowu  some- 
what hardoi',  increasing  the  pressure  as  the  fan  gains  speed,  uoutinuing 
this  pumping  motion,  and  varying  the  rapidity  of  the  stroke  according 
to  the  amount  of  blast  required. 

To  remove  tie  forg«  from  the  cart, — I'laee  two  trestles  parallel  to  each 
other,  ^  G  inches  apart ;  raise  tliem  to  a  height  of  2  feet  8  inches.  Two 
men,  one  on  each  side  of  the  forge,  take  hold  of  it ;  one  pulls  the  handle 
of  the  stop-bolt,  and  both  draw  the  forge  to  the  rear  and  place  it  length- 
wise 011  the  trestles.  Take  out  the  smith's  chest  and  coal-box  in  the 
same  way  and  place  them  in  convenient  places. 

The  saddler's  chest  may  be  taken  out  or  left  in  the  cart  after  the  oth- 
ers have  been  removed. 

To  pack  tite  forge  for  traveling,  ]^rocv^  in  the  iuverse  oMer  to  that 
already  described. 

To  load  the  cart. — Draw  the  coal-box  pait  way  out  to  the  reai' ;  put  in 
the  coal  from  the  top ;  push  it  well  to  the  front  end  of  the  box.  Take 
the  saddler's  horse  to  pieces  by  unscrewing  the  screws  iu  the  legs,  clamp, 
and  rounds ;  pack  them  and  the  saddlei's  clamp  in  the  box  under  the 
driver's  seat.  Distribute  the  rest  of  the  load  so  that  the  horse  in  the 
shafts  shall  not  have  too  great  a  weight  on  his  back  and  shall  work  to 
the  best  advaut^e. 

Oare  and  preaervathn  of  the  for^. — Keep  the  wheels  clean  and  the 
journals  well  oiled.  See  that  tlie  oil-cups  always  have  oil  in  them.  Pre- 
serve the  belt  soft  and  pliable  by  oiling  it.  If  it  become  loose  and  slip 
on  the  policy,  slacken  the  set-screws  which  hold  the  fan,  iu  front  and 
rear ;  draw  Uie  fan  back  by  means  of  the  tangent  screw ;  tighten  the 
set-screws.  Keep  up  just  sufficient  teusiou  on  the  belt  to  prevent  it  from 
slipping.     Before  fording  a  deep  stream  remove  the  belt  from  the  pulley 
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to  keep  it  tVom  gettiug  wet;  after  passing  tlie  stream  wipe  the  machin- 
ery diy  and  oil  it 

To  prepare  a  new  belt,  nse  thin,  soft  leather;  wet  it  thoronghlf, 
stretch  it,  and  nail  it  to  a  board  till  dzy.  Sew  the  ends  together  after  it 
has  been  cut  to  the  proper  length.    Oil  it  well. 

DlMEKKIOXd. 

Width  of  track  of  wliuoU - 62 

Whole  IPDCth  of  axlp 83.K 

Width  of  boUv -•- 47 

Length  of  body 66 

Leuxth  of  cart,  incladiu);  shafts 151 

Height  of  wlicul 57 


WKIQIITS. 


One  wheel 

Shafts  (both) 

Aavil-blork  and  bawf 

Forge,  hood,  &f  .■ 

TooT-b<ii,  empty 

Coal -box,  I'mpty 

Coal-box,  fiUcd  with  coal. . 

Saddler'ii  box 

Wbiffletret 

•   Tuvere 

Auvilliase 

CnrI  (roiiiiiletc-), empty..  .. 
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APPENDIX  U. 

SWOLLEN  BASREL8  IN  8EBVICE  SMALL-ABMS. 

Iitdor»em«»t  «p»«  a  letter  written  by  Capt.  J.  S.  Smith,  Nineteenth  Infan- 
try, U.  8,  Army,  to  the  Chief  of  OrdTUinee,  under  date  of  Augtist  12, 
1879. 

National  Aemoet,  S^tember  6, 1879. 
Bespectfolly  returued  to  tlie  Oliief  of  Ordnance. 
Every  rifle  and  carbine  made  at  this  armory  fa  fired  at  le,a8t  five  times 
with  the  service  cartridge  besides  three  proof  charges,  viz:  280,  250, 
and  80  grains  of  powder  and  a  hea^'y  bullet,  respectively.  There  have 
besides  been  many  thoosand  cai-tridges  fired  in  testing  experlmentid 
gnus  and  cartridges.  lu  all  more  than  1,000,000  of  cartridges  have 
been  fired  since  1870,  and  in  no  instance,  so  far  as  can  he  ascertained, 
has  there  evpr  occarred  the  bursting  or  swelling  of  a  barrel  at  or  near 
the  muzzle.  From  these  facts  I  think  it  may  be  safely  inferred  that  a 
BwoUen  or  burst  muzzle  iu  service  must  result  from  some  obstruction. 

A  report  of  a  trial  made  by  Captain  Greer  at  this  armory,  herewith 
iudosed,  shows  the  effect  of  firing  the  service  ride  with  different  kinds 
of  obstnictioua  placed  in  the  bore  at  the  muzzle. 

J.  G.  BEHTON, 
Colonel  Ordnance,  Commanding. 


National  aemoey, 
Springfield,  Mass.,  September  5, 1879. 
Sm :  In  accordance  with  your  instnictions  to  ascertain,  if  practicable, 
from  what  causes  the  swelling  of  the  muzzle  of  the  service  rifle  results, 
I  have  the  honor  to  submit  the  following  rejiort :  Two  condemned  barrels 
were  taken  at  random  from  a  lot  turned  in  from  the  field.  Eight  or  ten 
roun^  were  flred  firom  one  of  them,  rags  of  various  sizes  having  been 
inserted  in  the  bore  a  little  below  the  front  sight',  without  aflecting  the 
barrel  the  slightest.  Sand  nest  having  been  iasert«<l  in  the  muzzle,  the 
barrel  was  shaken  so  as  to  remove  all  but  a  few  grains  which  adhered 
to  the  fouling;  the  piece  was  then  fired.  This  was  repeated  several 
times  without  swelling  the  muzzle.  The  barrel  was  then  run  into  wet 
sand  and  the  bore  nearly  filled  for  about  an  inch  and  a  half.  After  fir- 
ing in  this  condition  the  barrel  was  found  swelled  at  the  muzzle  precisely 
like  those  that  have  been  received  trom  time  to  time  from  tbe  iield.  Sev- 
eral pine  plugs,  from  six  to  eight  inches  in  length,  were  tiien  prepared 
of  a  size  to  fit  the  bore  closely.  The  second  barrel  was  flred  twice  with 
the  plugs  driven  in  dry  about  one-half  their  length,  twice  driven  iu  wet. 
and  twice  driven  in  dry.  but  afterward  swelled  by  steam  both  inside  and 
outside,  without  injury  to  the  barrel.  The  inclosed  air  probably  forced 
the  plugs  out  before  the  bidlet  reached  them.  A  plug  was  then  split  in 
two  to  represent  a  broken  tompion,  the  air  being  free  to  pass  by  the  plug- 
It  was  thought  the  bullet  might  wedge  on  the  remaining  side  of  the 
plug,  but  the  barrel  was  found  uninjuied  after  the  shot  was  fired.  Occa- 
sionally the  cup-anvil  of  the  Prankford  service  shell  has  been  found  iu  the 
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barrel  alter  flriag.  It  was  tliougbt  poBsible  tliat  one  of  these  migbt  be- 
come wedged  in  the  barrel  and  cause  the  swelliug.  To  test  this  qnestioii 
an  auTil  was  driveu  down  squarely  across  the  barrel,  just  opposite  the 
front  sight.  The  piece  was  then  fired  withoat  iiyury  to  the  barrel.  A 
secoad  anvil  was  driven  down  to  the  same  position,  bnt  obliqueI;'to  the 
axis  of  the  bore.  No  damage  resulted  from  the  flring.  A  long  wad  of 
cotton-waste  was  thaa  wet  and  rolled  into  a  spiral  aiud  forced  down  the 
barrel  several  inches  by  the  ramrod.  The  piece  was  then  fired,  when 
Ulc  barrel  was  fonnd  swelled  a  little  beyond  the  wad,  which  was  proba- 
bly carried  forward  a  few  inches  before  the  bullet  wedged  upon  it 

It  woald  seem  fi'om  these  trials  that  sweUing  at  the  muzzle  is  caused 
chiefly  by  sand  at  that  point,  rags,  &c.,  being  blown  out ;  but  tliat  rage 
lower  down  may  cause  a  swelliug  at  some  point  between  their  position 
and  the  muzzle ;  that  the  use  of  toiiipions  is  less  hurtfbl  than  heretofore 
supposed ;  and  finally,  that  s\relliiig,  not  being  easily  produced,  is  the 
result  of  negligence  in  not  seeing  that  tie  bore  is  free  from  obstructions. 
Very  respectfully,  your  obedient  servant, 

JOHN  E.  GREEK, 
Captain  of  Ordnance,  U.  8.  A. 

To  tlie  Commanding  Ofpicbb, 

Nathiial  Armory. 
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APPENDIX  V. 
REPORTS  OX  INDIAN  AKMfS. 

..,  Onlniinr'' Ih'ii.irliui'iil.  aiiil  Unatsr 

(Ten  plateB.) 
Xa'ITOsal  Armory,  Springifield,  Ma^n.,  July  27, 1879. 

Of  tie  large  nuHibor  of  arms  received  at  tliis  armory  from  tlie  various 
Indian  agencies,  the  larger  portion  of  wliicli  were  muzzle-lomlers — some 
even  ha\ing  flint-locks — four  were  turned  over  to  tlie  board  as  being 
either  the  most  powerfnl  or  the  most  lapid  firing  guns  in  the  collection. 

These  were  as  follows : 

No.  1. — Sharp's  breech-loading  buget  rifle,  cal.  .44,  center  fire;  old 
model;  set  trigger.  Weight  of  gun  12  pounds  12  ounces;  tip-stock 
partly  gone;  original  weightpmljably  l.lponnds.  Itan'el  lieavy, octag- 
onal; length  30  incheK.  Chamber  hott]e-sh»j>ed;  number  of  grooves,  6. 
Twist  of  rifling  uniform ;  rittingfns«l  ont  1 J  in<']io,s  Injyond  shell  chamber. 
Rear  sight,  "  buc){lionij"  slide  on  loaf  so  loose  as  to  indicate  that  it  could 
not  have  bet>ii  used.  I*  I'ont  sight  bright  bnt  rough ;  pi-obably  made  from 
a  silver  quarter-dollar. 

>'o.  2. — Same  an  above,  except  thut  the  ban-el  was  but  22.!)  inche«  long : 
veight  !>  pounds  G  oinic(.'s.  Kt^ar  sight  in  good  condition;  front  sight 
so  loose  as  to  affect  iiccnnu-.y  of  flre  unless  gi-eat  care  was  U8e»l. 

A  cast  in  sniphur  having  lieen  taken  of  the  chambers  of  these  guns, 
il  was  found  the  ammunition  requii-ed  wuj^  that  known  as  "  Sharp's  long 
range."  Weight  of  jwwder  77  grains;  weight  of  ball,  patched  or 
gn>oved,  470  grains. 

So.  3, — Winchester  repeating  (17  shot)  rifle,  cal.  .44;  rim  fire;  model 
IStJO.     Octagonal  barrel ;  length  24  inches.     Weight  of  rifle  9  pounds. 

No.  4. — Same  in  all  n-spects  as  No.  3.  Rear  sight  leaf  broken  off. 
Amnuuiition:  weight  of  powder  2(1  grains;  weight  of  hall  202  grains. 

The  ammunition  for  all  tliese  guns  waa  purchased  at  the  Winchester 
Ke|>eating  Amis  Comimny's  Armor>-,  Sew  Haven.  Connecticut. 

Tlic  barrels  of  these  guns  having  been  thomnghly  cleaned  were  exam- 
ine<l  and  found  to  be  in  good  onler. 

On  account  of  the  small  charge  wwried  by  the  Winchester  rei>eater 
it  was  tested  in  comparison  with  the  Springfield  carbine  for  accuracy, 
rapidity  and  accuracy  combined,  iwvrer — as  shown  both  by  penetration 
in  white  pine  and  computed  energies — and  initial  velocity.  Similfu* 
comparisons  were  ma^le  between  the  Sharp's  and  Springfield  rifles. 

The  rejHults  are  given  in  the  following  tables: 
I.   JVeightii.  ift. 


aprinjHuld  riflr I  B|H>DDd>,    20IU1 

flip's  rifle.  No.  1 ^ I  12|Hnin(I>,  ISonn 

aiitrp> rifle,  No.  2 ,  Spoanda.    Boud 

Wiufleld oarbiae    7  iwiuidH,  ISuun 

WineEectrrnpnitliii;  rill*i. epeDDcli> 


JTCwIc 
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'ia.  Ai'ettracg. 


Springfield  rifle 

8hKp'«  rifle.  No.  1- 

Bharpiriflo,  Xo  it 

Springfield  carblni' 

WlnahvAter  ifpeatliig  rifle  .. 


MyardL   '  l,«aU)-inl> 


-III.T  S.81&; 
'  9.010.214. 


Hilll^H.H.M! 

:|is.jt!o.3|  a.3.u.i;3i.i 

i2T.6,ra.4'22.i  7.T3.* 


-Ones 


Springfield  rifle 

Shirp*!  rifle.  No.  1 

9uip'*  rifle.  No.  2 

SpitDgfield  carbine 

'VTincEHter  repealing  rifle. . 


•2b.  AccHraiy. 

3110  fards.     3X1  yards. 
FuwiblflSO.  l>0Mil>l<-M. 


000  yardn.     mo  .VHnla. 

FuaiibleMI.,Foielb]e5> 


200  ynuls  lanjtit. 


■i ■•-. 


Spriugflelil  rifle 

StarpT  riflp.  Sn.  1 

Bli«rp"B  rifle.  Nu.  a  

Snrinrflcid  carbine 

WlnchfBter  repeating  rifle . . 


Ueanarjthoti. 


. ,  Inebve  In  white  pine. .  .i  12.  U  inehei  in  wbite  pine. 

.    Inclira  in  whlteplne...    1&  87  inches  In  irhite  pln<'. 

. , Inohre  In  while  pine. . .    I^  » Incbee  In  while  pine 

.    10.09  incheelnwliile  pine...    incbea  In  white  pine 

.!    S.OSbvhi'e  in  wbite  pine  ..   Inrbea  In  while  )di]<< 


,Goo'-^[c 
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5.    felociliea. 

^    J  Velocitin  bj— 


nograp] 


itpb.  I    tTV-baUiatic. 


Ufon 

Uun  by  both  maoblDM  .. 
Sluip> rifle,  No.  1 


UeAn  by  both  machine*  -  - 
Sharps  rifle,  No.  2 


Mean  bj  both 
i^^ringfltld  carbine. 


Menn  Iry  bulb  maoblnc 
ii'bi'BterrepcatlugriflB... 


m 

I 

!!!!:! 

11W,«         1          11*^4 

"» 

im.2 

ims 

ima 

im.e 

I  VplocUj'.t       Energy. 


Si.rin^i-ld  rifle 

si"IIi'r!I  rifle;  uSia:";::::' 

Sririuinield  rmUne 

wjdrut-ster  npeating  rifle . 

■In. 
20OBD 


OraiiM.lGrB.-M.        FrrI 


IhyGoO^Ic 
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Exam  illation  of  the  foregoing  tables  shows  coiicluBively  that  the 
Spring&eld  rifle  is  more  accurate  than  the  Sharp's  rifles  at  all  ranges  at 
which  they  were  tested.  At  the  longer  ranges  the  short  barrel,  So.  2, 
bears  no  comparison  to  the  Springflehl.  One  thousand  yards  was  thp 
extreme  liuit  at  which  the  Sharp's  with  long  barrel  could  be  fired  unli-ss 
special  sights  were  prepared  for  it.  As  this  board  was  required  to  test 
these  arms  in  the  conditiou  received,  and  as  usetl  by  the  Indians,  this 
was,  of  course,  inadmissible.  It  may  be  said  briefly  that  the  loug-barrel 
Sharp's  is  a  more  powerful  arm  than  the  Springfield  rifle,  its  barrel  alone 
weighing  more  tliaii  the  Spriiigflekl  complete*.  It  is  not,  however,  a 
practicable  service  arm  on  account  of  its  great  weight,  13  pounds,  and  that 
of  its  ammunition.  While  this  one  gun  is  undoubtedly  capable  of  firius 
at  longer  range  than  the  Springfield,  this  very  quality  has  been  ignomi 
by  the  Indians,  as  maybe  seen  by  examining  itssigbtand  those  of  other 
arms  received  at  this  armory  from  the  Indian  agencies.  Both  the  Sharp's 
have  had  peep-sights,  and  the  longer  one  probably  »  telescopic  sight 
judging  from  the  slots  in  the  barrel.  All  of  these  have  been  removed. 
Evidently  tbe  Indians  did  not  desire  tu  waste  tbeir  ammunition  (which 
they  probably  obtained  with  more  or  less  difticnlty)  at  long  ranges. 

Ill  nearly  all  the  other  arms  refeiTcd  to,  the  sights  are  adapted  to  short 
range,  only  where  the  tn^ectory  is  verj-  fiat.  In  this  respect,  owing  to 
its  lighter  bullet  and  higher  velocity,  tbe  Springfield  is  superior  to  either 
of  the  Sharp's. 

The  Springfield  carbine,  with  its  cartridge  containing  bnt  55  grains 
of  powder,  is,  of  course,  less  powerful  than  the  slmrt-barrel  Sharp's,  bai 
by  using  the  rifle  cartridge  it  may  be  brought  very  nearly  to  a  par  witb 
it,  and  with  much  less  weight  Compared  with  tlie  Winchester  repeats 
it  will  be  seen  tbat  it  is  not  only  more  accurate  and  ]»owerful,  but  tliit 
it  is  nearly  as  ra]>id  a  firing  arm  when  tbe  time  is  extended  so  iiK  to 
necessitate  the  use  of  other  cartridges  than  those  in  tbe  magazine. 

The  ability  to  rapidly  empty  the  magazine  is  desirable,  but  it  shunhl 
be  combined  with  more  power  than  this  gnu  possesses  to  make  it  cs]*- 
cially  valuable. 

Report  of  a  hoard  composed  of  First  Lieiit.  D.  A.  Lyle,  Ordnanct  Depnrt- 
»i«i?,  and  Manter  Mackiniiit  A'.  W,  Porter,  ichich  convened  at  Ike  Xationai 
Armory  Augunt  2,  187JI,  vpon  a  lot  ofsmaU  arim  captured  from  the  hm- 
tile  /iioux  and  Cheyenne  Indians.  Approved  by  Col.  J.  0.  Benton,  Com- 
tnanding  the  Xational  Armory. 

The  commanding  officer  of  tlic  National  Armory  submitted  to  tiie 
Ijoard  for  its  examination  a  lot  of  arms  captured  flrom  the  Sioux  ami 
Cheyenne  Indians,  that  bad  been  shippcil  to  this  place  from  Cheyenne. 
Wyoming  Territory,  bv  onler  of  Capt.  J.  W.  Reilly,  Ordnance  Depart- 
ment, Chief  Onlnance  Officer  of  the  Military  Division  of  the  Miaaoiin. 

The  board  then  proceeded  to  examine  and  prepare  the  following  lists 
of  the  said  anns : 
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Table  III. 

Windietler  and  Henry  riflei  and  carhinet  {luing  rim-fire  melalliccartridstt). 
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Table  IV. 
Spencer  carbim-i,  tiiodet  l,f^fi5  {aaing  riiit-Jire  tiietallic  carlridgei). 
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Table  V, 

Sharp'i  carbinu  (Ming  metallic  ammunUioH). 
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Tablk  VI. 
MiioeUaneoai  carbinet  a»d  riflfa. 
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Table  VIII. 

Berolrert  (mid;  purcttnion  cap»). 
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Tablk  VIII— Contiuued. 

Eerolvti'»  (rning ptrcnttion  caps) — Contiuupil. 

MKhflnlm 
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Tho  nbove  arnu  mny  be  placed 
I.  Breech-loailint;  aTois. 
IL  Muzzle-loattiiij;  arms. 
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CLASSIFICATION. 

geni'ral  classes,  viz; 


RpriDsflvlrlct 
Slirlngfli'ldca 

Spilni.'Hrlil  cH 


PbIdb    p«p 


fSliBTTi'B  carbine .cbI.".M 

iMtnrrcarWne caL".il 

r- J  Smltb  cmblne c»L':K 
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With  flint  locks... 


Wltb  percDseloD  lopha... 


Lriniiil,t,*licutcr,  Pa..cHl. 

LuwvT.  rhikdelnUa.  P> . . 
iKken.  Salnl  Lniii,  Ma 

...../vKiUoio  JC Co.".V.'.V." 

J.iW.  Wat«m 

Sweltur 

J.Goli'hvr 

HuiitiKH.'liI 

.    I'liiu  Rifle  Work* 

SsviEo  filfle  Ftni  Anna  Co., . 
MeCarcn,  Wlllluiis  &  Co..  Si 
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a.  1>.  &  Co..  CiDcinnaK.  Obii 


c»L",SI--^M 
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TABULAR  STATEMENT. 

Hreeck-Ioadeni. 

Springfield  carliines,  caliber  ".45,  moilel  18711 ....... ......... ....    19 

Springflald  carbines,  caliber  ".50-", M,  model  lB6B-'6S'-70,  and  Allin ■'*" 

Henry  and  Wineliestcr }•< 
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Miizile-  loadrrs. 

H.  E.  Leman,  LanonstiT,  Pn 94 

J.  P.  Lower,  Pliilwleliihia,  Pa 10 

8.  Hftwken,  Saint  LimiB ,  6 

J.  Henry  dt  Son 6 

Hcury  FoIimiu  &,  Co.,  iia\i\\,  Loa\n 4 

J.  Golchpr 3 

SpriU((t"<^W  (varioiiB  models,  itc) H 

Toffur,  EnKliMi 4 

I'nkuown (! 

MiscelUiicaiis 13 

Total 160 

BtroJrers. 

Coil's 69 

Reniiut^ou , 41 

SlftiT  ArniN  Company ., .,, 4 

Whitney .,  ..i. 5 

Misoellaneons 4 

Total ; 123 

PintoU. 

Remington 1 

Horse- pJBt-olB 3 

Total -^ 3 

SecapiMation. 

Biet^cli-IoaileTH - :..  Ii!4 

Miizzle-loailoiH 160 

Revolvers 123 

PistoU .■ 3 

Total 410 


LOADED  ARMS. 

During  the  exainiiiatioa  it  wa<!  fouud  tbiit  36  of  tiie  louzzle-loadiug 
rifles  were  loadetl.  TLese  arms  hail  tlie  cba,rgea  of  powder  ami  lead 
carefiUly  withdrawn  and  wciglied  sfiparatcly.  Tto  resaltiug  weir[lits 
are  given  Iwlow: 

1. — Twenty-two  Leman  ou.ns. 

Chiir«f»  of  iwinicr.  I  Chaws  "f  lenl. 


WeiBht  of 

1.rh 

T.>I 

1  wi-it 

<:harBi>,  «!» 

.. 

OD 

fiu 

IBU 

110 

110 



__ 

.    Avpmar  woii^hl  orvhHrsi'  of  lra>l     ^2l(Vg;.tnhM. 
.   WViKlit  of  iDMliuum  thnrL-c  «t  li™i=ajr 
. .  WciKhtofiiiininininrlini-«:urU'iiii^- 
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2.— Eleven  miscsll*ni»us  oixs. 


Chnm™  of  posdc 

VelBht  of  ntch 
cbWEi-.  gi-sins. 

Total    weight, 
gnina. 

1«0 
870 

Chai^rea  of  lud. 

Number  of 

Kiuo'brr   of 

Wright  of  eHli 

Totd  writht 

50 
60 

ISO 

sto 

330 

1» 

220 
KB 

11 

» 

2.  ISO 

relclitofm. 
'orpuHdtr^ao    «mlDB.|  Weight  of  id 

AMMUNITION. 

{For  breech-loaden.) 


iWcichtofcliargo,' 


BimflrB ...Ji 

Elmflr.' 

Center  flti. | 

Rim'n™.'.! ..'.;;!!;;"! 

1)0 1 

VnltrdStat^s'iHiitorflra". ".!!!! 
llo 


AM  '    "%,'." 

300  Jofll^~a  cnrlilnc. 

220  F.  Wi-KWD. 

29)  Bullanl. 

4.10  Si<rlui:lit-l<l.  calibrt  ".SO. 

4IB  Si.rir:;lii>ld.  lalibw  ".M. 

4I^'<  Si^^iHiii'tlrhl  rarhfup.  nllbn- " 


The  front  and  rear  Rights  of  this  lot  of  anns  are  ^■a^ious,  and  the  liil- 
ferent  types  have  been  figm'ed  in  the  accompanying  platea. 
Tlie  drawings  are  Helf-exphinatory. 

REMARKS. 

'riiese  captured  anna  would  be  classed  as  "  unserviceable  "  at  an  arsi-- 
nul,  tliongli  many  of  them  conid  be  used  by  so  enteri)rising  an  enemy  as 
the  American  Indian. 

It  mil  be  seen  by  a  glance  at  the  foregniug  tables  tiiat  none  of  lii'* 
bR*ech-loa<ier9,  except  the  Springfield  and  Sharp's,  are  of  the  later  f-i-ii 
ter-iire  mwlels. 

The  charges  are  uniformly  less  than  the  government  rille  cartridge 
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Obdnakcb  Depot,  Tongue  River,  M.  T., 

November  13,  1878. 
t'HiBP  Ordnance  Officer, 

Headquarters  Department  of  Dakota^  iiaint  Paul,  Minn.: 

Sib:  I  have  the  honor  to  recommend,  in  order  to  complete  and  render 
more  effective  the  investigation  begun  hy  the  Ordnance  Department 
iuto  the  relative  meiite  of  the  service  carbine  and  hostile  Indian  arms, 
tbat  measures  be  taken  to  obtain  an  accurate  knowledge  of  the  number, 
mannfactiire,  model,  and  caliber  of  fire-arms  in  the  hands  of  all  the  sav- 
age ti'ibes  of  Indians,  friendly  as  well  as  hostile,  such  as  the  Sioux, 
Clieyeunes,  (Jrows,  Bannocks,  Apacliesj  TJt^s,  Xavajus,  Comanches,  &c. 
TLis  information,  together  with  the  reports  regarding  surrendered  arms, 
vnuld  jtut  the  department  in  ixtsseDsion  of  all  necessary  data  concerning 
tbe  weai>ons  of  all  tribes  liable  to  take  the  war-path,  and  be  of  the  high- 
eat  value  in  many  ways. 

I  have  no  doubt  that  this  information  could  be  readily  obtained  by 
department  commanders.  To  this  end  it  would  only  be  necessary  that 
oom]ietent  officers  be  selected  and  ordered  in  an  unostenttvtious  way  to 
iii8i)ect  the  various  camps,  with  careful  itistmctions  to  avoid  alarming 
iiud  causing  concealment  of  the  best  arms. 

Complete  statistics  as  thus  obtained  would  afl'ortl  the  only  really  satis- 
fiK!toi-y  settlement  of  the  moot  question  of  the  comjtarative  merits  of  the 
serric*  and  Indian  arms,  tor  the  nwwon  that  netirly  every  discussion 
reganliug  snrreudeied  Indian  arms  prot^eetls  on  the  assumption  that  the 
1)est  have  been  Ciit^ihed.  That  this  question  should  be  settled  is  most 
desirable,  in  order  that  the  troops  have  the  a*lvantage  of  »  knowle<lge 
of  superiority  in  arms,  if  such  be  the  case,  or  better  arms  if  the  converse, 
or,  in  any  event,  that  the  fa('t«  be  fa<ted,  always  less  to  be  dreaded  than 
the  exaggerations  of  conjecture. 

I  conceive  that  many  ideas  of  the  superiority  of  Indian  arms  are  ac- 
qnire<l  in  action,  uncorrected  by  accurate  facts,  a  time  when  to  the  best  of 
men  an  arm  that  has  whizzed  a  buUetclose  to  the  ear  seems  an  excellent 
weapon ;  anil  I  feel  convinced,  iix>m  a  considerable  knowledge  of  arms 
pArrie<l  by  friendly  Indians  and  surrendered  by  the  bostiles,  that  such 
investigation  would  prove  conclusively  that  any  tribe  fully  armed  with 
even  the  old  caliber  ,50  Springfield  carbine  would  be  more  formidable 
than  with  their  present  arms.  That  the  Sioux  and  Cheyennes  have  had 
some  fine  breech-loaders,  giving  color  to  the  opinion  that  they  are  bet- 
ter armed  than  the  cavalry',  is  undoubtedly  true.  The  principal  of  these, 
the  Sharp's  ritle,  with  it&  120-grain  cartridge*,  has  tremendous  range  and 
penetration,  and  ilrifted  into  the  hands  of  those  Indians  in  considerable 
unmber,  either  directly  or  indire<!tly,  through  the  buffalo  himtcrs  {with 
whom  it  was  a  favorite)  when  their  employment  was  broken  up  by  the 
diminution  of  the  buffalo  and  by  law.  But  these  and  like  arms  are  com- 
paratively few,  while  a  very  considerable  number  of  muzzle-loaders 
greatly  reduce  tlie  average  of  Indian  armament  below  that  of  Uie  troops. 

In  the  knowledge  of  the  kind  of  arms  acquired  by  Indians  a  good  clue 
may  be  found  to  the  source  whence  their  supply  of  arms  and  ammuni- 
tion is  derived,  and  aid  in  detecting  and  jireveoting  tbe  illicit  traffic 
known  to  be  carried  on  by  taking  special  precautions  against  sucli. 

I  fmther  recommend  tliat  the  collection  of  statistics  on  Indian  arms 
be  contiimed,  in  order  that  the  department  may  keep  thoroughly  posted 

21  ORD 
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and  that  the  inspectiona  and  reports  of  Indian  arniB  above  reeonunended 
be  made  annually. 

Very  respectfully,  your  obedient  servant, 

J.  W.  POPE, 
Second  lAeutemmt  Fifth  Infaatry,  A.  0.  0. 


HBADQ1JABTEB8  DePABTKBKT  OP  DAKOTA, 

Office  Chibf  Obdnance  Opfiobb, 

.Saint  Paul,  Minn.,  F^miars  9, 1W19. 
To  the  Chief  op  Ordnahcb, 

Through  Chief  Ordnanee  Officer,  Military  JMvision  ofMiammri: 
Sis  :  I  have  the  honor  to  inform  you  that  I  omitted  to  state,  in  my  re- 
port on  Indian  arms  of  January  22,  the  following  pertinent  circum- 
stance of  which  I  have  personal  knowledge.  In  July  or  August,  1876, 
a  Sioux  warrior  was  killed  near  Powder  Biver  after  a  very  determined 
resistance. 

The  arm  was  found  to  be  a  Seventh  Cavalry  carbine,  caliber  .45  (taken 
in  the  Little  Big  Horn  fight^  as  I  was  informed  by  the  officers  of  the  regi- 
ment), and  whi(;h,  judging  from  its  elaborate  Indian  ornamentation,  had 
evidently  been  considered  "  very  good  medicine."  In  other  words,  Ui(> 
back  had  evidently  been  very  glad  indeed  to  get  it. 
Very  respectfully,  your  obedient  servant, 

O.  E.  MICHAELIS, 
Captain  of  OrdnoMoe,  Ghi^  OrdHfance  (^ker. 


Headquabtebs  Depabthhnt  op  Dakota, 

Office  Chief  Obdnance  Officsb, 

Saint  Paul,  Minn.,  January  22,  IS'9. 
To  the  Adjutant-General, 

D^artment  of  Dakota  ; 
Sea :  I  have  the  honor  to  submit,  for  the  consideration  of  the  di>i>art- 
ment  commander,  the  following  report,  in  connection  with  eight  gmis 
received  from  the  District  of  the  Yellowstone,  under  the  following  in- 
structions : 

Ordnance  Officb,  War  Departmkmt, 

WaaXingion,  CMober  10,  ims. 
The  CniKf  Ordnancb  Officer, 

Mililarg  Divltion  of  Ike  Mie»ouri,  Chicago,  III.  : 
Sir:  At  various  times  dunng  the  last  few  years,  complaints  have  1i«eu  madf  th»t 
the  Be rvitie  carbine  was  inferior  in  range  and  occnracy  to  the  arms  commonly  uevA  hj 
the  hostile  Indians,  and  withiu  the  last  few  days  the  faot  has  been  statad  Mint  snch 
an  opinion  was  prevalent  in  the  cavalry  troops  now  opocating  in  the  DepartmenU  of 
the  Missouri  and  Platt«.  The  Chief  of  Ordnance  wishes  to  examine  thotougblr  i  ato 
this  Hubject,  and  to  that  end  requests  you  to  ptocnre  a  sample  of  the  best  arms  rh  r  In- 
dians ore  known  to  use,  if  possible  one  that  has  been  used  by  them,  and  a  small  ijiisti- 
tity  of  their  amraunition. 

If  yon  suoceed  in  getting  an  annthat  you  aresatlstied  can  be  considered  a  fair  san- 
ple  of  the  best  in  usu,  of  course  excluding  any  of  the  Unit«d  Stales  service  anus  Ibii 
may  be  in  thair  possession,  taken  from  our  troops  or  otherwise  procnieil,  he  desirf* 
yoQ  to  send  it  to  Ibis  offlcn  for  examination  and  comparison. 
Respectfully,  your  obedient  sra-vanl, 

8.  C.  LYPOBD, 

Major  of  OrdManet. 


,Goi>^[c 
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[Flnt  ludoncment,! 

or  THE  UlBBODBI, 

r  OsdkamckiOtficir, 
Cliica^o,  Oetober  12,  1»7S. 
iiaspActftllj  i«ferred  to  the  aaaistant  s^jntuit^-gBiieral  orthe  divitioc,  with  the  re- 
quest that  the  comm&niUuK  geuerftU  of  the  Departmenta  of  Dakota,  the  PIatt«,  and 
the  MiaBoori  be  instmct^d  to  obtain,  if  pOHrible,  and  fontard  to  these  headquarters,  a 
wmple  of  the  beet  amia  (ezclDding  the  Unit«d  States  Mirvioe  arms)  the  Indians  an 
known  to  nse,  or  one  that  has  been  nsed  b;  them,  and  a  ami^l  quantity  of  tbeii  am- 


Ct^ty  to  Colooet  Uilea,  October  17,  1878  (from  headqaaiteiBDeputment  of  Dakota), 
who  will  send  to  the  chief  ordniuice  officer  at  theae  headqaartera  all  urns  captnied 
from  the  BannockR,  and  samplea  of  the  aininuuUinu  that  may  be  in  his  poaeessioQ, 
which  have  been  captored  friun  Indians,  whiuh  In  his  opinion  ace  deemed  f^  Bamplea 
of  the  beet  in  uee  by  the  Indians. 

Befencd  to  chief  ordnance  officer,  Depactmeot  of  Dakota,  December  16, 1678. 

OULBSIPIOATION  OF  THESB  ABUB. 

1.  A  muzzle-loading  squirrel-rifle,  octagonal  barrel,  made  in  Colnm 
bnfl,  Ohio,  by  Seibert ;  caliber  .44. 

2.  A  Sharp's  i^fle,  percussion  lock,  short  barrel,  ante-bellom  model. 

3.  A  Sharp's  oarbine,  altered  lock ;  caliber  .50. 

4.  A  Joslyn  carbine,  caliber  .50. 

5.  A  Speucer  carbine,  model  of  1301. 

6.  A  sWp'g  rifle,  government  model ;  caliber  60. 

7.  A  Shaip's  rifle,  short  octagonal  barrel ;  caliber  .44. 

8.  A  Sharp's  rifle,  long  octagonal  barrel ;  caliber  .44. 

Koa.  6,  7,  and  8  are  the  only  pieces  deserving  of  further  mention. 

The  Sharp's  rifle,  caliber  .50,  was  fairly  tried  m  the  Held  in  comparison 
with  the  Springfield  musketj  caliber  .50.  and  could  not  hold  its  own. 

Sos.  7  and  8  are  Sharp's  nfles  of  a  well-knovn  type,  with  set  triggers, 
origioally  furnished  with  peep-sights,  and,  judging  from  the  numbeis, 
vere  manufactured  about  the  same  time. 

I  am  of  tbe  opinion  that  the  barrel  of  So.  7,  which  is  lighter  than  that 
of  Xo.  8,  has  been  shortened. 

The  fine  sights  of  these  guns,  upon  which  their  shooting  at  long  range 
is  supposed  to  depend,  have  been  removed ;  very  coarse  front  sights, 
and  old  model  carbine  rear  sights,  altered  to  buckhom,  have  been  eab- 
stituted  in  an  unworkmanlike  manner. 

These  arms  are  forwarded  by  General  Mile«,  as  a  representative  of 
the  armament  of  Indians,  and  I  presume  muHt  be  accepted  as  such, 
with  two  limitations — the  absence  of  Springfield  arms,  excluded  tmder 
the  order,  and  of  Henry  ^Winchester)  rifles,  both  of  which  are  used 
whenever  they  can  be  obtainetl. 

In  connection  with  his  Nez  Percys  engagement,  speaking  of  it  and  his 
adversaries,  General  Miles  says :  "  They  have  all  the  enterprise  and  cun- 
ning of  wdd  Indians,  and  many  of  the  arts  of  civilized  warfare.  They 
are  the  best  marksmen  I  have  ever  met,  and  nnderstand  the  use  of  im- 
proved sights  and  the  measurement  of  distances ;  they  were  priuiiiitally 
armed  with  Sharji's,  Springfield,  and  Henry  rifles,  and  used  explosive 
bullets." 

The  sample  Kez  Percys  Sharp's  rifle  sent  (No.  2)  has  a  set  trigger,  per- 
cussion lock,  and  peep-sight  nnthout  scale.  It  certainly  cannot  1^  claimed 
that  thie  gun  is  comparable  wjth  the  present  government  arm,  and  it  ia 


.oogle 
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an  accepted  fact  that  our  standard  caliber  outrauges  the  repeating  gun. 
It  foUows,  therefore,  from  Oeneral  Miles'  report,  that  the  best  gira  of 
the  beat  Indian  marksman  he  ever  met,  ao  far  as  range  is  concenietl,  vmn 
the  Spring;field  litle. 

Dnring  my  tonr  of  aervice  in  thia  department  I  have  never  met  au 
officer,  either  in  the  field  or  at  posts,  and  of  course  as  an  ordnance  otiicet 
I  took  especial  pains  to  inform  myaelf,  who  claimed  that  the  Indians,  a& 
a  class,  had  longer- ranging  gnua  than  our  own  troopa. 

As  Oeneral  Miles  states  of  the  Nez  I'ei-c^s,  the  use  of  fine  sights  anil 
the  measurement  of  distances  is  the  result  of  ci\ilization.  The  typical 
Indian  is  a  point-blank  marksman.  Tlie  use  of  bright  muzzle  and 
buckhom  sights  proves  this.  He  steals  upon  his  quarry  and  fires  at  il. 
Hence  they  prefer  arms  with  long  daugerons  spaces,  an  attribute  that 
overcomes  the  difficulty  attending  fine  sighting  and  the  accurate  estima- 
tion of  distances. 

The  scouts  at  Fort  Keogh  were  armed  with  Sharp's  gnus,  caliber  .50. 
but  for  this  very  reason,  as  I  believe,  without  knowing  it,  they  asked 
for  the  Springfield,  caliber  .45. 

It  seema  to  me  that  there  is  a  periodicity  in  the  claims  and  rumors  con- 
cerning the  arms  of  Indians. 

lu  1876,  after  the  battle  of  the  Little  Bighorn,  the  newspapers  were 
filled  with  descriptions  of  the  "  pumping"  guns  of  the  Indians,  and  reijiii- 
sitions  were  made  for  repeating  rittes — arms  that  certainly  could  not 
compete  with  our  caliber  .45  Springfield  rifle  or  carbine. 

Au  officer  of  the  Seventh  Gavaliy  lias  informed  me  that  he  saw  Indi- 
ans on  the  banks  of  the  Little  Bighorn  "pump"  shots  into  our  troop^s 
struggling  up  the  opposite  bank,  at  a  range  of  fifty  yawls- 
Concerning  the  two  close  fights  tliat  have  taken  pla<'«  in  this  depart- 
ment since — the  Big  Hole  and  Snake  Kiver — I  have  never  lieani  it 
claimed  that  the  Indians  had  longer  range  guns  than  our  own  troojis. 
Now,  when  there  have  been  no  close  engagements,  a  lieutenant-wlonel 
of  cavalrj-  writes  to  aUniied  States  Senator:  "The  Indian  tribes  on  our 
fttinticrs  have  excellent  arms,  and  many  of  our  officers  and  soldiers  be- 
■  lieve  their  range  is  greater  than  the  arms  used  by  ua." 

Thoughtful  and  experienced  captains  of  infantry  have  reconimeniled 
that  one  leaf-sight  he  abolished  aud  the  buckhorn  substituted,  for  the 
reason  that  our  soldiers  as  a  class  were  not  reliable  marksmen  beyond 
point-blank  range. 

In  the  hands  of  good  shots  our  gun  has  always  iiroved  satisfactoiy. 
I  have  seen  Capt.  D.  W.  Benham,  of  the  Seventh  lufantrj-,  now  on  tbe 
Equipment  Board  in  Washington,  hit  a  tree-atunip  three  time*  iu  five 
shots,  standing  and  firing  from  the  shoulder  without  muzzle  rest,  at  a 
distance  of  1,000  yards,  with  caliber  .45  Springfield  rifle  taken  at  hap- 
hazai-d  from  his  company  rack.  On  the  Yellowstone,  in  187fi,  General 
Terry,  at  a  range  of  400  yards,  with  a  similar  arm  outtihot  both  tbe 
ShaiT)'8  Creedmoor  and  Winchester  guns.  Geuenil  Crook  carried  ii 
Springfield  caliber  .45  rifle  in  the  cani])aign  of  ]87(>,  and  General  Gib- 
bon always  uses  one,  hunting  and  fighting,  with  buckhom  sight  and  set 
trigger,  modifications  that  may  affect  the  accuracy  but  not  the  range  of 
the  weapon.  Reynolds,  the  guide,  who  was  killed  on  the  Little  Itig- 
hom,  the  best  shot  in  Dakota,  carried  a  government  gun.  Captain 
Ball,  of  the  Second,  and  Captain  Beuteen,  of  the  Seventh  Cavalry,  eer 
tainly  representative  couipany  comnLanders,  have  both  verj-  recently 
officially  reported  that  they  were  satisfied  with  the  standard  carbini?- 
The  same  lieutenant-colonel  already  referred  to,  in  au  official  communi. 
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t^atioD  of  about  tbe  same  date  as  hia  letter  td  the  Senator,  writes  as  foN 
lows  of  the  rifle : 

Thf  rifle,  oirinK  lu   its  li'njith  aud  weight,  rannot   be  UHeil   by  a   pian   monnt«d' 
■      ■'    '       "        '       ■  ■■        '     ■"  too  cuiubrons  anil  iucunveiiient.     It  can- 
IE  across  the  back ;  il  is  iuacveiwible,  and 


iiliRf!,  diHiiiniintinK,  and  glutting  into  aciiim.     Agaiu,  if  Hliing  01 

wliUe,  it  lieing  badly  balanced,  would  r "   "  "'""  ''  "  ""'~   ' 

withers  and  backu,  beildes  aiireixling  the  coluuin  greatly. 


the  pomniel  of  the  swliUe,  it  lieing  badly  balanced,  would  soon  give  tbe  animals  « 


So  far  as  this  ofRcer's  opinion  is  concerned,  the  plan  of  arming  cav- 
alry with  rifles  is  efi'ectnally  disposed  of. 

Onr  carbine  can  safely  use  our  70-grain  cartridge,  and  no  carbine  of 
e(]nal  weight  could  use  a  heavier  charge  Without  great  danger  and  iu- 
tolerable  recoil.  Complaints  have  already  beeu  made  in  regard  to  the 
severity  of  the  recoil  of  our  present  arms  using  the  standard  cartridge, 
What,  then,  would  be  the  result  were  we  to  increase  the  charge  without 
angnienting  the  weight! 

The  loage«M-auging  Indian  arm  I  have  seen  is  the  octagonal-barreled 
Sliarj/s  rifle,  a  piece  manifestly  too  heavy  to  be  used  as  a  military  arm. 
If  weight  is  not  objected  to,  an  arm  can  be  made  at  the  National  Arm- 
ory that  will  outrange  any  gun  yet  triwl.  Our  rifle  at  1,C50  yards,  using 
the  seivice  ammunition,  will  penetrate  two  inches  of  pine,  and  therefore 
kiU.  Is  not  this  eitough  for  all  military  purjKises  1  If  we  attempt  to 
accomplish  more  than  this  without  increasing  the  weight  of  the  piece 
the  recoil  becomes  impracticable.  Our  arms  can  now  kill  an  enemy  so 
soon  as  he  l>6come8  distinctly  risible  to  the  eye,  provided  he  is  hit.  And 
it  is  just  in  this  inability  to  hit  that  the  true  source  of  all  dissatisfoction 
with  our  standard  arms  as  military  weapons  is  to  be  found.  Our  soldiers 
as  a  class  are  not  skillful  marksmen. 

The  disjointed  system  we  call  "target  practice,"  so  far  as  my  observa- 
tion goes,  does  very  little  good  in  improving  our  men.  I  know  of  one 
regiment  of  cavalry  where  no  so-called  "target  practice"  has  taken 
place  for  a  year  past.  I  do  not  mean  to  be  understood  that  this  was 
owing  to  any  neglect;  it  was  probably  dne  to  the  varied  duties  the  men 
were  called  u[>on  to  perform.  Still,  the  fact  remains  that  while  the  com- 
panies were  in  garrison  nothing  was  done  to  improve  individual  marks- 
manship. 

Where  target  practice  does  occur,  men  fire  at  known  ranges  of  100 
and  :^00  yards.  This  is  really  an  aiming  and  firing  drill,  a  relic  of  the 
miUtary  epoch  where  heavy  line  firing  at  known  intervals  was  the  custom. 

Our  fighting  now  is  extended  skirmishing,  and  men  should  be  taught, 
what  I  deem  the  most  important  attribute  of  a  military  marksman,  the 
JDst  estimation  of  distances.  This,  our  present  practice,  founded,  I  be- 
Ueve,  uiK)u  the  Wimbledon  system,  does  not  do. 

Wimbledon,  or  our  Creedmoor,  produces  fine  dilettanti  shots,  men 
who  at  extraordinary  known  ranges,  by  assuming  positious  impractica- 
ble, fix>m  a  military  standpoint,  can  make  any  number  of  successive 
bulls-eyes.  This,  however,  is  not  military  practice.  Oar  soldiers  should 
be  taught  to  shoot  as  Captain  Benham  does — to  estimate  correctly  the 
distance  of  the  object,  aud  then  to  hit  it  by  fair  firing  from  the  shoulder. 

As  I  have  repeatedly  recommended,  we  need  a  thorough  system  of 
target  practice.  Men  should  be  taught  the  relative  sizes  of  objects,  apt" 
to  be  seen  in  the  field,  at  varying  distances ;  tbe  Le  Bouleng^  field  and 
musket  telemeters,  and  no  simpler  distance  measurer  can  be  desired, 
should  be  generally  introduced. 

If  this  ^  done,  aud  the  target  allowance  be  honestly  expended  in  tar- 
get practice,  our  men  will  become  gooil  shots,  and  these  periodically  re- 
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cnning  animadrei^ioos  apoa  the  "sbootin^"  qaalities  of  oar  arms  will 
cease. 

I  inclose  a  oominanicatdon  from  Lieat.  J.  W.  Pope,  Fifth  In&Dtry,  act- 
ing ordnanoe  officer  in  charge  of  the  Tongne  River  De^tot,  upon  the 
subject  of  Indian  armament,  to  wliich  I  in^-ite  especial  atteation. 
Very  respectfully,  your  obedleut  servant, 

O.  E.  MICHAELI8, 
Captai7i  of  Ordnance,  Chief  Ordnance  (Officer. 


Headquarters  Military  Division  op  Missoubi, 
Office  of  Chief  Ordnance  Officer, 
Chicago,  June  26, 1879. 
Chief  op  Ordnance,  U.  8.  A., 

Watkir^n,  D.  C. 

SlK:  Rei>lying  to  your  letter  to  me  of  October  10,  1878,  which  is  in- 
closed, I  have  tlie  honor  to  state  that  it  was  referred  by  me  to  the  as- 
sistant adjutant- general  of  the  division  October  12,  with  request  for 
action,  as  will  be  seen  by  the  indorsement  on  its  back.  The  LieutenaDt 
General  forwarded  copies  of  this  letter  to  the  ;departmeut  commanders, 
requesting  compliance  with  its  terms.  lip  to  this  date  I  have  receivert 
the  papers  which  are  appended  and  four  rifies.  The  latter  are  forwarded 
to  you  to-day  by  express. 

The  subject  covers  a  broader  field  than  any  one  officer  can  possibly 
investigate,  and  e9i)ecially  when  department,  i»ost,  and  regimental  offi- 
cers are  not  heartily  in  accord  with  its  ])urpose. 

There  are  also  as  many  opinions  on  the  subject  as  there  are  officers  in 
the  service.  It  would  be  presumption  on  my  part,  therefore,  to  offer  a 
solution  of  the  general  question  of  the  proper  armament  for  cavalrj'  in 
Indian  warfare. 

Coming  to  the  special  case  of  the  officer  in  the  Department  of  Itfis- 
souri,  between  certain  companies  of  the  Fourth  Cavalry  and  the  North- 
em  Cheyennes,  which  was  the  immediate  canse  of  your  letter,  I  tbiuk 
the  papers  appended  will  show  the  general  character  of  the  armament 
of  this  hand  at  the  time.  From  these  paj>ers  I  abstract  the  following 
lists: 

Surrmdered  fey  Cheyennes  to  Captain  Johnmn,  Third  Cavairy,  at  Chadrtm 

Creek,  JVefrr.,  October  24, 1878. 
Ono  WirchestOT  rifle.  One  Schoflclrt-Smith  &  WeMon  revohir. 

One  Sharp'R  carbine,  caliber  .50.  One  Coif's  revolvpr,  old  patl^Tn. 

One  Speucor  carbine.  One  RBiiiin(^ti>n  revolver,  old  patten. 

One  Bbnt^guu,  <loi{ble-I>arreled.  One  lio»e-j>iatol,  and 

Nine  uu^e-loaduig  tiflus,   variona  pat-     Fille«n  or  twenty  sets  of  bows  and  wtowa 

Surrendered  at  Camp  Robinson  to  lAeuimant  Chase,  Third  Cavalry. 
One  Henry  rifle. 
One  Sharp's  rifle. 
Three  mnzzle-loading  riflM. 

Captured  from  Indians  after  the  outbreak  at  Camp  Eobinwn,  giving  indi- 
cation of  long  posse>ision  by  Indians. 
Seven   Springfield  breech-ioading   rifles.     One  Colt's  revolver,  caliber  .36. 

caliber  .&0.  One  Colt's  revolver,  Havy,  old  psHwu. 

One  Springfield  carbine,  caliber  .45.  One  Remington  revolver,  Arm;,  old  pst- 

Three  Sharp's  carlilnes,  caliber  .50.  torn. 

One  Sharp's  rifle  (old  reliable). 
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Surrendered  to  Lieutenant  Clarke,  Second  Cavalry. 

Four  Springfield  oarblnea,  cAliber  .46. 

ThrM  SprinKlield  riflee,  o»1ilier  .50. 

Four  Sharp's  rifiee,  caliber  .45.  .44. 

One  Sharp's  riflfi,  caliber  .50.  Five   Colt'a  revolverM,   calibers  .44   anS 

Four  Sbanp's  carbines,  caliber  .50.  .51. 

One  ninzzre-loadiiig  ride  (old).  One  Remington  revnlver,  oalibar  .44. 

Three  Winchester   and  Henrj  repeating 

Or  a  total  armament,  as  f ar  ae  ascertained,  of  fifty-tliree  riSea,  oarbinea, 
and  muskets  of  various  pattenis,  serenteen  reTOlvera  of  Tarioas  pat- 
terus,  and  fifteen  or  twenty  sets  of  bows  and  arrows. 
In  this  namlMr  there  ai» : 

Ten  SprinKaeld  riflOH,  caliber  .50. 

One  Sliarp's  rifle. 

Que  Sharp's  riUe  (old  reliable). 

niiich  with  proper  charges  of  powder  and  lead  give  a  greater  range 

than  the  Springfield  carbine  with  its  own  special  cartridge,    I  hardly 

think  it  just  to  the  command  concerned  in  this  affair  to  exclude  United 

States  service  aitns  in  possession  of  tlie  Indians  in  determining  whether 

tbere  was  proper  gronud  for  the  prevailing  opinion  that  the  Indian  arms 

were  superior  in  range  and  accuracy  to  the  carbine  armament  of  the 

command. 

The  four  rifles  referred  to  as  sent  you  to-day  by  express  are — 

One  Sharp's  rifle,  long. 

One  Sharii's  rifle,  short. 

One  Heni7  repeating  rifle  (surrendered  at  Camp  Bobinsou). 

One  Winchester  repeating  rifle  (sent  from  Fort  Keogh  by  order  of 
General  Terry). 

And  are,  I  l>elieve,  selected  specimens  of  the  best  arms  in  the  posses- 
sion of  the  Indians.  As  is  well  known  to  all  acquainted  with  arms,  the 
Henry  and  Winchester  are  vastly  inferior  in  range  and  accuracy  to  the 
Springtield  carbine,  though  these  seem  to  be  preferred  by  the  Indians 
on  account  of  their  rapidity  of  fire  to  the  extent  of  the  contents  of  the 
magazines,  in  this  resi>ect  offering  some  advantages  in  a  moment  of 
emergency  to  a  horseman. 

WhUe  adhering  to  my  resolution  not  to  attempt  a  solution  of  the 
proper  armament  of  our  cavalry,  I  think  it  is  patent,  and  that  I  sboold 
state  it  more  explicitly  here,  that  our  Springfield  carbine,  caliber  .45,  has 
a  greater  effective  range  and  greater  accuracy  than  any  carbine  made, 
and  much  greater  than  the  Winchester  and  Henry  reiwating  rifles.  But 
the  Indians  do  possess  a  rifle  here  and  there,  possibly  one  in  ten  of  their 
armament,  that  exceeds  it  in  range  and  aecnracy  at  long  range.  To  ■ 
overcome  this  advantage  the  method  in  use  in  the  Fifth  Cavalry,  giving 
to  each  company  five  Springflehl  rifles  for  selected  marksmen,  and  in 
the  Seventh  Cavalry,  giving  ten  rifles  per  comiiany  for  the  same  pur- 
pose, seems  to  answer. 

As  bearing  on  the  question  at  issue,  it  might  be  stated  here  that  aside 
from  the  companies  ot  the  Fonrth  Cavalry  serving  in  the  Dei>artment 
of  Missouri,  which  were  ordered  to  be  armed  with  the  Springfield  rifle, 
and  Companies  K  and  M,  Third  Cavalry,  which  had  been  for  some  time 
80  armed,  none  of  the  companies  of  cavalry  serving  lu  tlds  division  have 
availed  tliemselves  of  the  permission  ^nted  by  the  General  of  the 
Army  to  exchange  their  carbines  for  rifies.  The  only  inference  from 
UUB  is  that  a  large  mfyority  of  cavalry  still  have  faith  in  the  carbine. 
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Some  weeks  since  I  ascertained  that  406  surrendered  Indian  (Siooi 
and  Cheyenne)  arms  of  vari<tua  patterns  ha^l  been  in  the  possession  of 
the  depot  quartermaster  at  Cheyenne  for  a  year  or  more.  I  believe  these 
have  been  sent,  aa  reqaested,  to  the  commanding;  officer  of  the  National 
Armory,  and  his  special  knowledge  and  the  focilities  at  his  dieposal  inll 
enable  him  to  report  upon  their  merits  as  compareil  with  the  carbine 
more  definitely  than  I  have  attempted. 

I  have  delayed  forwarding  this  report  in  the  expectation  of  recfliving 
the  arms  before  mentioned  as  captiire<l  by  Lieutenant  Clark,  but  they 
have  not  yet  reached  me. 

Very  respectfully,  yoor  obedient  servant, 

J.  W.  EEILLY, 
Captain  of  Ordnatue,  Chief  Ordtutnoe  Officer. 
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APPENDIX  W. 
REP0BT8  ON  HULTIBAl^L  CABTRtDOES  FOR  SMALL-lRMa. 

HilJ.  S.  11,  WmmiiOBE,  Cspta.  E.  M.  WuaHT  ud  J,  E.  Okebk.  and  Llentg.  R.  Biimik, 


{Forty-fonr  plates.) 

FSANKFOBD  ABaEKAI^  Pa., 

June  13, 1878. 
The  COMMANDIKQ  OPFIOBB, 

Fratd(fi/rd  Arsenal : 

Sib  :  I  have  the  honor  to  make  the  foUowing  report : 

It  has  for  Home  time  seemed  to  me  that  great  accuracy  and  long  range 
in  military  fire-arms  have  been  songht  after  by  everybody,  white  too 
little  attention  has  been  paid  to  ueatruetivenesa  at  short  distaiiceB.  The 
result  of  this  has  been  the  almost  universal  demand  for  the  magazine 
pm. 

With  a  view  of  increasing  the  efficiency  of  oar  present  ser\noe  M-ms 
at  comparatively  short  ranges,  I  have  Invented  a  bueksbot  or  three-ball 
cartridge,  the  experiments  with  which  show  results  sufficiently  satisfae- 
tmy  to,  at  least,  be  worthy  of  record. 

Any  good  breech-loader  can  be  fired,  with  deliberate  aim,  over  five 
times  a  minnte.  In  tests  for  rapidity  of  Are  the  Springfield  rifie  has 
been  fired  twenty-three  times  a  minute^  loading  from  the  cartridge-box. 

Now,  any  cue  accustomed  to  firing  knows  how  deliberate  the  um 
must  be  to  be  efi'ective,  even  at  one  or  two  hundred  yards.  He  eJso 
btows  that  it  is  the  tune  required  to  aim,  and  not  ao  mvck  the  time  to  load, 
that  determines  the  rapidity  of  effective  fire  with  the  modem  breech-loader. 

In  the  Army  and  Navy  Journal,  dated  May  25,  the  following  appears: 
Recent  official  Russian  reports  nhnw  that  ouly  16|  per  cent,  of  an  active  anuj  aie 
killed  nr  nouuded  during  a  long  and  e scent iouallj'  sanguinary  war.  The  value  irltii^ 
ungK'tl lifter  in  ithown  hy  tlie  ngsertion  which  ia  made  that  if  the  disbinceii  had  been 
bjnwn  a  higher  result  would  have  b«en  obtained  by  a  single  discharge  of  all  the  bdibII- 
■nnn  and  guna,  uxing  Blirapnel  for  the  latt«r. 

We  all  know  that  the  Turkish  army  was  supplied  with  excellent  anna 
and  am  munition. 

When  we  consider  the  immense  amount  of  ammunition  that  will  be 
fired  away  and  wasted,  and  the  difficulty  ■  f  keeping  up  the  supply  in 
action,  it  has  seemed  to  me  that  in  seeking  the  magazine  arm  as  **the 
gun  of  the  future,"  without  flrat  examining  the  cartridge,  we  are  only 
bringing  on  ourselves  "future"  trouble  without  due  couHideration. 

As  a  fact,  a  magazine  gun  is  supposed  to  be  used  an  a  single  breech- 
loader, except  at  comparatively  short  range,  and  it  is  its  rapidity  of  fire 
and  great  destructiveness,  under  such  circumstances,  that  especially  com- 
mend it.  Now,  if  we  can,  by  the  cartridge,  increase  two  or  three  fold 
the  destructiveness  of  our  service  arms,  under  similar  circunuitances,  do 
we  not  to  a  great  extent  do  away  with  the  requirement  for  a  magazine 
gnnf  In  fact,  all  things  considered,  do  we  not  excel  it  as  the  arm  for 
Eeneral  usef  Of  course  a  magazine  gun  with  such  a  cartridge  would 
be  still  more  destructive,  but  its  construction,  cost,  delicacy  of  mechan- 
ism, &c.,  must  also  be  consideretl. 
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I  do  not  deny  tlie  great  results  which  miglit  be  obtained  by  a  at>ec'ial 
corps  arm&i  with  the  magaziDe  guu,  hut  it  seems  to  me  that,  for  general 
nse,  the  service  ann  with  a  buckshot  cartridge,  in  addition  to  the  pres- 
ent one,  is  all  that  would  be  required,  I  am  aware  of  the  impolicy  of 
increasing  t]iti»«mber&adlin<U>{  cartridges  for  small-arms,  but  whether 
the  increased  efficiency  obtained  will  not  more  than  compensate  for  this 
"impolicy"  must  be  left  to  the  test  of  practical  experience. 

With  the  field-piece  we  use  several  diU'erent  kinds  of  projectiles  for 
different  purposes  and  at  diderent  ranges.  It  is  only  pro])osetl  to  give 
the  soldier  two  kinds  of  cartridges,  easily  distinguislied. 

I  have,  by  your  permission,  niadu  the  necessary  alterations  in  a  ser- 
vice Colt's  revolver  so  as  to  adapt  it  to  this  cartridge.  The  same  can 
also  be  made  in  the  ^mith  &  Wesson. 

Should  the  revf)lvera  be  thus  altered  we  would  then  have  a  cartridge 
tchieh  could  be  tisetf  in  ail  mutll-amiH,  which  would  praeticaUy  be  the  only 
one  for  the  revolver  and  a  siiecial  one  tor  the  ritle  and  carbine.  The 
cavalry  would  then  have,  as  now,  only  two  kiuds  of  c-'>rtridgei:<,  aud 
should  the  bayonet  be  done  away  with,  as  proiK>sed  by  some,  tlie  iufautn' 
could  be  supplied  with  a  cartridge  which  could  l>e  used  c<iually  well  in 
the  revolver  or  rifle. 

An  examination  of  the  chamber  of  the  Springfield  rifle,  caliber  M, 
showed  that  the  length  of  the  cartridge  shell  could  l>e  inerease<l  suffi- 
cient to  get  in  three  buckshot  with  fifty  gnuim  of  serrice  iwwder.  The 
bullets  were  ma<le  of  lea^l  and  tin,  so  as  to  lighten  tliem. 

A  large  iKU-tion  of  the  militia  is  armed  with  this  rifle.  For  their  pur- 
poses, used  as  they  are,  in  onliuary  times,  only  to  quell  disturbauces  or 
suppress  riots,  this  cartridge  would  Kcem  to  i>ossess  special  features. 

The  ultimate  range  of  a  rifle-bnllet  is  such  that,  in  street-fightiii;:!, 
friends  as  welt  as  foes  are  endangered.  Tlie  buckshot  with  shorter 
range  would  be  more  efficient  and  not  so  dangerous  to  fi'icnds.  A  Uiit- 
ling  gun,  either  .45  or  .5U  caliber,  with  this  cartridge,  would  literally  prove 
a  "  a  new  broom."  In  the  field,  iuY>vided  with  a  shield  and  snfficietit 
oscillation,  a  tlatling  gun  properly  sup))orted  ex>uld,  with  this  cartridge, 
send  such  a  shower  of  bullets  as  would  x^'Hctically  render  its  iMsition 
ippregnable. 

A  thousand  men  in  a  rifle-i)it,  firing  ten  times  a  minute  at  an  euemy 
making  a  charge,  would  send  at  them  'SOfiOO  bullets,  all  etfecttve  up  to 
300  yanls.  One  hundred  and  fifty  yanls  a  minute  is  a  fast  run,  es|)e- 
cially  when  subjet^tctl  in  that  time,  nmu  for  man,  to  thirty  bullets. 

A  soldier  need  only  carry  a  few  of  these  cartridges,  and  their  form  in 
such  as  to  readily  distinguish  them.  Their  weight,  e^'en  if  carrie<l  in 
addition  to  the  regular  nnmber  of  rounds,  ought  to  l>e  a  soldier's  lightest 
load,  when  he  consiflers  the  increased  protection  they  afibrd  him. 

The  changes  required  in  the  t'olt's  revolver  to  adapt  it  to  this  car- 
tridge are : 

1st  New  cylinder  and  frame. 

2d.  A  new  hand. 

3d.  Ejector-Kxl,  tube,  and  spring. 

4th.  A  new  gate. 

Using,  as  I  have,  the  present  service  case  for  rifle  and  carbine  car- 
tridges, the  width  of  ttange  necessitated  increasing  the  size  of  thecyliu- 
der  or  decreasing  the  number  of  the  chambers.  The  latter  was  done 
and  the  revolver  conij)letcd  as  a  five-shooter.  The  cylinder,  fimue.- 
baud,  and  ejector-i-od  were  miule  new.     The  ejector-tube  was  lengthened 
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and  the  oM  gate  used.  As  finished,  its  weight  compares  with  the  service 
as  follows : 

Buckshot,  empty aibs.  IS^oz. 

Sen-ice,  eoipty :..   albs.    6i  oz. 

Difference  in  weight,  empty , 6   oz. 

Bnrksbot,  loailed 2  Iba.  191  oz, 

ServicB,  loaded 3  Ilin.  13    oz. 

Differeuee  in  weiglit,  loaded 6|os. 

The  coat  of  the  alteration  is  varionsly  estimated  at  from  Ave  to  nine 
dollara  when  made  by  the  qnantity.  The  alteration  of  the  Smith  & 
Wesson  woidd  probably  cost  more ;  the  cost  new  of  both  revolvers  would 
be  abont  the  same  as  those  in  servite. 

DESCRIPTION  OP  BUCKSHOT  CARTRIDGE,  FOR  PRESRNT  SERVICE  ARMS 
AND  ALTEEKD  REVOLVERS. — CAL.  .45  BUCKSHOT. 

Caac,  preseut  riile  case,  iinifonnly 
taiH-nil ;  charge,  40  ur  45  grnitia 
service  powder;  3  roiuid  bullets, 
puru  lead;  diameter,  '''.4!>8;  lubri- 
cant, bullets  di|ipe<l  iit  Japan  wax, 
bulli'ls  ptwlleil  lu  far  eumielt  to  af- 
ford a  good  crimp  ou  last  oue. 

The  following  is  the  record : 

Fired  fa>m  carbine ;  tix«d  rest ;  distance,  200  yaids ;  target,  15  feet  aiiuare. 

r.v„_.  1  Nunibor  of    Sninber  of  ,  MnmbK  of  ■        i,„,„i,. 
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Firad  from  rifle ;  diBlanoa.  300  f  arda ;  from  shnnlder,  with  reat ;  target,  15  fiwt  sqaftn. 
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Fiietl  from  rifle ;  distance,  100  jatia ;  from  shonlder,  witli  rest ;  t*rget,  12  feet  sqawi. 
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Rapid  firing  from  carbine ;  distance,  100  yanU ;  target,  IS  feet  Rqoare. 


Cb»g.. 

NaBWof 
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17 

(■) 
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Time  of  Bring  U  mlDut*^ 
Do. 

■TwoimuidbaUataudlnvDlrBrballet;  total  buUato.  M.   .      tSarriec  oarMaa. 

The  above  were  fired  by  a  good  marksman  and  show  the  necessity  for 
the  time  required  for  a  proper  aim. 

To  test  whether  firing  the  buckshot  had  injured  the  rifle,  a  target  was 
made  with  it,  and  it  waa  found  that  "while,  before,  the  rifle  bad  fired  nine 
Inches  low  at  300  yards,  it  now  fired  four  feet  and  a  half  high.  A  possi- 
ble explanation  of  this  is  that  the  buckshot  (e8X)ecially  those  without 
lubricant)  took  off  the  sharp  edges  of  the  lands ;  so  that  the  rifie-buUet 
would  then  meet  witJi  less  resistance.  At  any  rate  the  trajectory  vu 
flattened  and  the  rifle  improved. 

A  new  rifie  was  then  taken,  and  targets  at  three  and  five  hundred 
yards  obtained  as  follows: 

3100  yard*. 

Mean  vertical  deviation .. .. ..—  '-^ 

Mean  horizontal  deviation 3^ 

Hean  abxolDte  deviation .... .... ..... .. ....   -t^ 


Uean  vertical  deviation 

Mean  borizootal  deviatioD..... 

Hean  absolnto  deviation. -. 

Three  hundred  buckshot  cartridges  n 

3 

Hean  vertical  deviation 

Meau  boricontal  deviation 

Mean  absolute  deviation 


e  then  Bred  from  the  rifle  and  targets  again 


Ueau  vertical  deviation 

Hean  borixootal  deviation.. 
Miian  absolute  deviation 
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Showing  excellent  practice.  The  tergete  being  taken  on  different 
days,  wonld  accomit  for  the  slight  difTerence  in  mean  absolnte  devia- 
tions.   Ifo  injury  to  the  rifling  conld  be  discovered. 

I  also  tried  experiments  vith  different  shaped  bullete.  A  cylinder  of 
lead  and  tin  Just  fitting  the  case  wM  out  of  different  lengths.  Some  of 
these  were  cut  into  segments  thus : 


The  resnlts  were  not  satisfactory.  I  then  took  a  caliber  .58  round  bol- 
Irt  and  drove  it  through  a  die  one-half  inch  in  diameter,makipg  a  bullet 

of  this  shape :  H^^^Jfi    Fired  the  same  with  caliber  .60  ballet  for  the 

M  caliber.  In  some  of  these  a  cannelure  was  out  for  the  lubricant 

thus:  m^^«  I  also  bored  holes  through  someof  the  bullets,  and  made 


some  cartridges  like  tfiia,  I^^^^HH^^HBf-^H^^^V^^B  ^'^  t-^^t 


the  gas  could  get  to  the  front  bullet,  filling  the  holes  with  powder:  there 
was  no  improvement  in  the  results,  though  driving  the  buliets  through 
the  gun  by  hand  showed  they  took  the  rifling,  due  to  their  sluggage. 

Peloeittw,  reooiU,  and  penetrations  of  (A«  col.  .45  buckshot  cartridge^  fired 
from  the  rifle  ;  charge,  45  gr». 


Penetration  at  200  yards  through  pine  boards  1^  inch  thick  and  over 
half  inch  into  second  board.  In  some  iostauces  through  the  second 
board,  giving  at  least  one  and  flve-eighth  inches  penetration. 

I  s^nd  with  this  report  a  few  bullets  picked  up  in  front  of  the  target. 
They  are  foir  samples. 

BUCKSHOT  BETVOLTEE. 

(Service  Colt  altered.) 


10  shots,  35  graius,  3  bullets. 

10  shots,  40  grains,  3  bullets. 

10  shots,  45  grains,  3  bullets. 
5  shots,  55  graius,  1  service  rifle  bullet. 

Having  stood  these  tests  it  was  then  finished,  and  is  a  very  c^ditable 
piece  of  work  to  Mr.  Dungan,  the  workman  who  made  it. 

The  need  of  a  fixed  rest  was  greatly  felt,  and  I  had  to  improvise  <me. 
It  has  worked  well  and  will  be  the  subject  of  a  future  report.    I  have 
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beeu  able  to  get  velocitie-s,  recoila,  penetratioDB,  and  have  measured  the 
tendency  of  the  muzzle  to  rise  or  "  kick  up." 

Tbe  tergetH  and  resulta  follov  those  obtained  with  rifle  and  carbine. 
As  Ib  to  be  ex|>ected,  the  recoil  is  more  than  with  the  sen'ice  ammnni- 
tioQ.  It  is,  however,  not  enough  to  trouble  oue  iu  Uring,  while  the 
efficiency  of  the  revolver  is  increased  nearly  three  times. 

BKVOLVKBS,  BECOILS,  AND  PKNBTR AXIOMS. 

e  boards  j  inch  tliicb,  separate*!  by  sjiacM 


Serviue  revolver  and 


Actual  pcitetnliou  in  bo«d>,  3.V1  incbe*. 

Service  Colt's  revolver  and  Colt's  cartridge  (30  grains)' 

Shot.  I   B«oa  K«inuk>. 


I   FenetimtlDn  throndb  E  board*  I  Inch  thick,  tpp*"'*' 
r       by  tfcn  or  |  Inch.    In  MMitl  board*  4. 97  InclHa. 


Bnokshot;  40-grain  charges. 


Number  of  ahot 


j  Becotli.  '    FoietcatlDti  at  2G  yard*.      Arnigt. 


* 

tl 

4.S7 
6.x 

4.25 
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tw 

KB 

Tot 

erago 

lUon  In  boarda,  S.82G  in 
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Buckshot;  45-gTalD  cliftrges 
Number  of  shot. 


no  tension  on  reooil  spring. 

RecoUa,       PeDctntlon  M  35  ytim. 
PourvU'  I   Inehtt.    Inthea     Inehtw, 


G.S1 


4.  IS 


t.t 


It. 


i.m 


Actual  peiiatratloo  In  bg«r4i,I.T14  luaba*. 

RECOILS. 
Sjiring  witb  initial  tension  of  twcaty  pounds. 


SelTlcfc 

Bnckibol,  M 
gmlni  ehwgo. 

Bockihat,  45 
K»li>>cb«g*. 

11 

I 

3> 

47 

u         i 

S 

ATe™ge.ai                 1            U.M 

*8 

«'SS!!U  SP"-""- 

lp.an.1. 

s,«,™a.. 

PENETBATIONS  >T  100  TABDS. 
Brrvice,  10  shota. 


40-gTfiin  buckshot. 

8  throneh  3  boards  j  inch. 
2  nearly  through  second  board. 

45-gTain  buckahot. 

All  clear  throngb  two  boards  J  inch  and  }  inch  In  third  board. 

TELOOITIES. 

ATernge  of  6vo  skoti. 

VtM. 

Service 738 

Colt's  30-grain  charse 796 

Backshot  35-graiD  cWge 657 

Buckshot  40-giun  charge 696 

Buckshot  45-grain  charge 741 


by  Google 


336  BEPOKT  OF  THE   CHIEF  OF  ORDNANCE. 

Tendency  of  mKCsis  to  rite. 


Ten  pounds  initial  tension  on  spring,  &st«ied  at  front  sight    Center 
of  motion.     (See  figure.) 


e 


Seriwe  revolver  and  ammunition. 

Average  of  10  ehota 19.8 

Highest 20 

Lowest 19 


e 


ColVa  revolver — 30-grain  charge. 

Average  of  10  abots 18.9 

Highest SO 

Lowest W 

Dio-meter  of  circle  contKining  all  shots;  di8taac«36  7srdB,41 


e 


Servux  ammunition  and  bwkahot  revolver. 

Averse  of  10  shots  .................... ...i .  18.3 

Highest 19 

Irf>west n 


Bvckshot  cartridge— 40-grain  charge. 


Average  of  10  shots 36.9 

HigheHt 29 

Lowest 25 
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■BwdbsAot  cartridge~-45-graia  duirge. 

Avenge  of  10  ahota 30 

Highest ^ 31 

LowMt ,. ,. 39 

IMuneter  of  oiTale  oontalidiig  all  ibotL  Si  inehe* ;  diataoce 

Tendmoif  oj  muztle  to  rite. 
Spring  with  tensiOD  of  15  ponnds. 


Seniet, — Twenty-four i»otuidB,noTMlBtion;  diunetettf  at 
oontklning  all  aliotf,  dlfltauoe  95  yudi,  7  iiioliM. 


^ 


Serviee  ammwiitum — bwkshot  revolver. 

AyvrttfS^of  lOshota ,.,  ig.fl 

Highest 20 

Lowest 19 

V  /  Divnetei  of  olrole  eontftiaing  lU  ahote,  diatuiM  36  Tarda,  9 

Buekshot  cartridge — lO^otn  charge. 


© 


Averkgeof  lOaliota  .... ...... ......... 

Higheet 31 

LowMt 30 

Diameter  of  dude  emtaiiiiiig  all  ahala,  dlatanoa  SS  yardfl,  13 


BuektM  eartridge — iS-grain  charge. 

PotiDcb. 

Average  of  lOahota 32  B 

Highest 33 

Lowest , 32 

Diameter  of  circle  aontaining  all  ahota,  diat  ance  95  yards,  13 


The  experiments  concladed^  the  revolTer  was  again  blaed,  and,  with 
some  cartridges  of  40  and  15  grain  charges,  accompanies  uiis  report. 
The  reTolver  has  been  fired  over  575  times,  mostly  &om  the  flzed  rest, 
bat  many  times  from  the  hand,  with  charges  varying  from  35  to  45 
grains.  It  has  been  fired  over  one  hondred  times  withoat  cleaning,  and 
vorked  welL  At  200  yards,  the  target,  15  feet  sqnare,  has  been  hit, 
firiag  from  the  hand,  ten  times  ont  of  five  shots ;  this  baa  been  done 
rapeatedly. 
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Mr.  Porter,  foreman  of  the  loadinj^-room  at  this  arsenal,  has  been  in- 
de&tigftble  in  his  efforte  to  make  this  cartridge  a  sacceas,  and  I  am  mtuib 
indebted  to  him  for  many  valuable  saggestionB. 
Very  reBpectftUlj,  your  obedient  servant, 

E.  M.  WBIGHT, 

Cd^taJn  of  Ordmaintie. 
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[First  indoreement,] 

Ordnance  Office,  War  Department, 

Washington,  Jme  19, 1878. 
Reapectfullf  referred  to  the  commanding  officer  of  National  Armory 
for  report. 
The  pistol  and  cartridges  ha^e  this  day  been  sent  by  express. 
By  order  of  the  Chief  of  Ordnance. 

9.  C.  LTFORD, 
Major  of  Ordnance. 

[SecoDd  indorBeoient.] 

National  Armort,  August  13,  1878. 

Resiiectfally  returned  to  the  Chief  of  Ordnance. 

Tlie  efibrts  that  have  been  made,  heretofore,  to  render  the  rifle  more 
effective  by  sabstituting  multiple  or  buck  shot  for  a  single  projectile,  for 
short  distances,  have  not  been  successful.  The  "  Shaler  sectional  bullet" 
tried  during  the  late  war,  in  the  rifle-musket,  was  of  this  class,  but  did 
not  meet  with  favor  when  tried  in  the  field.  I  am  not  prepared  to  say 
that  Captain  Wright's  cartridge  containing  three  round  balls  may  not 
under  certain  circumstances  be  effective,  and  if  there  is  any  way  in 
which  tbey  can  be  tested  in  service  for  the  rifle  and  carbine,  I  would 
recommend  that  a  number  be  issued  for  this  purpose. 

The  changes  proposed,  of  increasing  the  weight  of  the  revolver  and  re- 
ducing the  number  of  chambers  in  the  cylinder  to  enable  it  to  carry  the 
same  cartridge  as  the  rifle  and  carbine,  seem  to  me  objectionable  and 
not  warranted  by  the  good  to  be  obtained.  The  revolver  being  intended 
for  hand-to-hand  combat,  sbould,  in  my  opinion,  not  have  long  range 
imless  this  can  be  obtained  without  sacrificing  lightness,  and  without 
reducing  its  number  of  charges. 

The  pistol  and  unexpended  cartridges  will  be  returned  to  the  Ord- 
nance Office  by  express  to  day. 

J.  G.  BENTON, 
lAeutenant-Colonel  Ordnance,  Commanding. 

[Third  indorse  ment.] 

Ordnance  Office,  War  Department, 

Washington,  August  15, 1878. 
Respectfully  returned  to  the  commanding  officer  of  Fraukford  Arsenal, 
who  will  manufacture  ten  thousand  (10,000)  of  these  cartridges  for  rifle 
and  carbine,  and  issue  them  to  the  commanding  officer. of  8an  AntoDia 
Araenal,  with  explanations,  &c.,  reporting  the  issue  to  this  office. 
The  revolver  is  returned  by  express.  , 

By  order  of  the  Chief  of  Ordnance. 

S.  C.  LTFORD, 
Major  of  Ordnance. 

[Fonrth  indoraement.] 

Fbankford  AB9BNAL,  Fa.,  September  9, 1878. 
Bespectftdly  returned  to  the  Chief  of  Ordnance,  United  States  Army. 
Ten  thousand  multiball  cartridges,  caliber  .45,  have  this  day  been 
issued  to  the  commanding  officer  San  Antonio  Arsenal. 
Attached  hereto  is  a  sample  of  the  label  put  on  each  box  of  twenty. 
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Captain  Wright  reqaesta  that  a  portion  of  these  cartridges  be  expended 
in  target  practice  in  addition  to  the  regular  allowance  so  ae  to  allow  the 
men  to  become  familiar  with  their  nee. 

JAS.  M.  WHITTEMORE, 
Major  of  OrdnancCf  Commanding. 


Each  cartridge  contBinB  three  roond  bnlleta ;  these  CBrtiidgea  are  intended  for  tWl 
I  to  3w  jarda;  they  are  most  effeoti         ■   -  -     ■       ■       .... 

e  ordiuaiy  aights  of  riSe  or  carbine. 


range  up  to  3w  yards;  they  are  most  effective  at  &om  ooe  to  two  hundred  yarda, 


HULTIBALL  CABTBn>0£8, 

SPEmOFIELD  EIFLE  AlfD  CASBINE, 

Cal.  .45. 

Charge  of  Powder,  45  Grains.    3  Roond  Bullets ;  Weight  of  each,  133  Gn. 

Fiankford  ArBeaal,  Sept.,  1ST8. 


[Fifth  indorsement.] 

Ordnance  Office,  War  Depabtuent, 

Washington,  September  12, 1878. 
Kespectf  nlly  referred  to  the  commanding  officer  of  San  Avtonlo  Arsenal 
lor  biB  information,  and  with  request  for  his  recommendation  how  these 
cartridges  should  be  issued  and  used  to  insure  the  most  reliable  reports 
as  to  their  efficiency,  &c. 

S.  C.  LTFORD, 
Aetinff  Chu^  of  Ordnance, 

[Sixth  indoiwrnant.} 

San  Antonio  Aesenai,,  October  25, 1878. 
Bespectfully  rettimed  to  the  Chief  of  Ordnance,  tjnited  States  Army. 
The  10,000  moltibail  cartridges,  caliber  .45,  referred  to  in  the  third 
and  fonrth  indorsements,  were  received  on  the  7th  instant.  For  the 
purpose  of  obtaining  reports  on  their  efficiency  and  the  advisability  of 
further  manufacture  for  issae,  I  would  recommend  their  issue  in  equal 
numbers  to  the  regimental  commanders  of  the  four  infantry  and  three 
cavalry  regiments  in  the  Department  of  Texas,  instructions  being  given 
for  their  expenditure  in  target  practice  at  such  ranges  and  under  such 
circumstances  M  the  officers  to  whom  they  are  issued  may  deem  most 
suitable. 

CMPTON  COMLT, 
Captain  of  Ordnance,  CommoMing. 

[Seventh  indoieement.] 

Ordnance  Office,  War  Dbpaetment, 

WasMngtonj  Ifovember  1, 1878. 
Kespectfiilly  rettuned  to  the  commanding  .offioer  of  San  Antonio 
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ApprovBd. 
By  order  of  the  Chief  of  Ordnantxi. 

S.  C.  LTPORD, 
Major  of  Ordnance, 

[Eighth  indoisement.] 

Sak  Antonio  Arsenal, 

Jforemicr  16,  1878. 

Respectfully  returned  to  the  Chief  of  Ordnance,  United  Sta^  Army. 

The  cartridges  will  be  issued  ou  Monday  next,  the  18th  instant,  in 
accordaace  with  the  approved  recommendation  of  the  sixth  indorsement. 
To  the  officers  there  mentioned  I  have  added  the  commandin;^  officer  of 
the  artillery  battalion  serving  at  San  Antonio,  and  the  commanding  officer 
of  the  Gatling-  battery  at  Fort  Clark,  feeling  confident  that  these  ad- 
ditions will  meet  with  the  approval  of  the  department.  Attention  is 
respectfully  invited  to  circular  letter  No.  7,  current  series,  from  Head- 
quarters Department  of  Texas,  herewith  inclosed.  One  thousand  of  the 
cartridges  received  will  be  retained  here  for  such  further  trial  as  the 
reports  to  be  received  will  probably  require. 

If  practicable  I  should  like  to  have  sent  me  the  altered  revolver  to 
which  Captain  Wright  refers  in  his  report.  The  increased  weight,  as 
given,  is  but  little,  and  while  I  agree  with  Colonel  Benton  as  to  long 
range  not  being  specially  desirable  in  the  revolver,  a  weapon  intended 
for  hand-to-hand  conflict,  I  am  inclined  to  believe  that  the. loss  of  one 
charge  in  the  cylinder,  other  things  being  equal,  may  be  more  than  com- 
pensated for  by  the  advantage  of  the  additional  number  of  projectiles 
given  by  the  multiball  cartridge,  the  chief  feature  of  which,  as  claimed, 
is  increased  efficiency  at  short  ranges. 

CLIFTON"  COMLY, 
Captain  of  Ordnance,-  Commanding. 


(Nine  plat«s.) 

Fbamkfobd  Absbnal,  Pa.,  December  13, 1878. 

Sib  :  I  had  the  honor  several  months  ago  to  submit  a  report  on  a 
Colt's  revolver  so  altered  as  to  use  the  same  multiball  cartridge  as  the 
ride  and  carbine. 

The  great  object  in  changing  the  revolver  was  to  obtain  a  cartridge 
for  short  range  that  would  be  interchangeable  in  all  sjnallarms  and  ma- 
chine gunn;  however,  as  this  change  would  cause  considerable  outlay,  t 
have  since  a<lapted  the  cartridge  to  the  service  revolvers,  with  a  very 
trifling  alteration,  and  I  now  submit  the  following  report  of  w^at  has 
been  accomplished  in  this  direction. 

As  the  chamber  of  the  service  Colt  is  longer  than  that  of  the  Smith 
and  Wesson,  I  have  made  a  cartridge  which  can  be  used  in  either,  and 
another  which  can  only  be  used  in  the  Colt. 

The  former  contains  two  and  the  latter  three  balls.  I  will,  therefore, 
designate  them  two  and  three  ball  cartridges. 

With  the  two-ball  cartridges  no  change  whatever  witt  have  to  be  made 
in  the  present  service  Colt's  revolver. 

This  cartridge,  however,  does  not  develop  the  full  power  of  the 
weapon,  and  the  alterations  required  to  adapt  it  to  the  three  ball  cart- 
ridge are  very  trifling. 
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The  cfiambers  of  both  revcdvera  are  now  choked  at  the  forward  end 

IB  order  to  prevent  the  bullets  of  unflred  cartridges,  especially  the  tm- 

crimped  ones,  from  advancing  vlitn 

No.  1.  No.  2.    the  revolver  is  fired  (see  Fig.  1),  pre- 

enting  the  rotation  of  the  chamber. 


|A  % 


and  also  to  prevent  escape  of  gas  at 
the  Joint  of  chamber  and  barrel. 

By  reaming  out  the  chamber  a  little 
more,  stilt  leaving  sufficient  choke  to 
prevent  any  escape  of  gas  (see  Fig.  2), 
the  Colt  will  readily  take  a  three-ball 
cartridge  containing  sufficient  powder 
to  reuder  it  a  very  effective  weapon 
even  beyond  100  yai-ds. 
■Drawings  exaggerated  t«  show  clioke  of  The  chamber  of  the  Smith  and  Wes- 
chamber.  '  Bon  IS  entirely  too  short  for  ^  three- 

ball  cartridge. 
Having  found  by  experiments  with  the  multiball  cartridge  that  the 
front  bullet  is  the  most  accurate  of  the  three,  I  have,  for  the  puq>ose  of 
spreading  the  other  bullets  at  short  range,  from  the  revolver,  rediiced 
them  in  diameter  slightly,  so  that  while  they  take  the  rifling,  their  sta- 
bility of  rotation  is  less  and  they  spread  more. 

In  this  rejwrt  will  be  found  targets,  &c.,  at  different  distances  witb 
the  following  cartridges : 

Ko.  1.  Three  ball,  bullets  of  same  size,  20  grains  rifle  powder. 
■   No.  2.  Three  ball,  bullets  of  same  size,  22  grains  Dupont  powder. 

No.  A.  Three  ball,  two  rear  bullets  smaller  than  front  one,  25  grains 
rifle  powder. 
No.  4.  Two  ball,  bullets  of  same  size,  25  grains  rifle  powder. 
No,  5.  Two  ball,  rear  bullets  smaller  than  front  one,  26  grains  rifle 
iwwder. 

The  amount  of  "spread"  of  the  difl'erent  btdleta  can  be  controlled 
rea*lily,  by  varying  the  four  variables  in  the  cartridges,  t'.  e.,  the  amount 
and  kind^f  powder,  and  the  size  and  hardness  of  tiie  ballots  used,  the 
front  one  in  all  cases  going  straight  tothe  mark. 

I  have  used  in  part  of  my  experiments  an  old  rifle  powder  made  man; 
years  ago,  and  of  which  we  have  on  hand  at  this  arsenal  16  barrels. 

This  powder  gives  with  the  rifle-cartridge  a  velocity  of  1,390  feet 
The  Da  Pont  i>owder  used  in  No.  2  cartridge  is  service  mosket,  giving  a 
velocity  of  1,375  feet. 

The  bullets  used  were  made  of  the  usual  bullet  metal,  i.  e.,  lead  IC, 
tiul. 

Any  of  these  cartridges  can  be  readily  made  with  the  present  ma- 
chinery. 

Their  penetration  is  sufBcient,  and  the  recoil  about  the  same  as  witb 
the  servjce  cartridge. 

The  Colt's  with  the  "  three-ball"  cartridge  would  be  considerably  more 
than  twice  as  effective  a  weapon  as  at  present,  and  the  Smith  &  Wes- 
son with  a  "two-ball-cartridge  would  be  vastly  improved. 

Sample  cari.ridges  accompany  this  report.  The  following  is  the  rec- 
ord: 

Seooila. 

Colt's  revolver:  ammnnition  No.  1,  23  pounds;  No.  2,  27  ponads;  No. 
3,  24  poands. 
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Service  ammamtioa,  Imth  revolveis,  21  poaada ;  Smith  &  Wesson 
revolrer,  Kos.  1  and  2,  21  pounds. 

PeMtnUion,  in  piiu  boardt. 

Distance,  26  yards;  Ko.  1,  Ig  inches;  "So.  2,  1}  inches;  No.  3, 1^ 
inches;  No.  4. 1}  inches ;  Ko.  6, 1^  inches. 

Distance, lOOyarda;  Ko.  1, 1^ inches ;  Ko.  2, 1| inches ;  NcSjIinch; 
No.  4,  li  inches ;  Ko.  6,  j  inch. 

I  TOnld  respeotfiiUj^  reqaest  an  aathoritative  oompetitiTe  trial  of  all 
the  rcTolrers  for  moltibaU  cartridges,  with  their  different  ammunitions, 
uid  Toidd  suggest  that  the  improvised  fixed  rest  now  at  this  arsenal 
oonld  be  sent  anywhere  for  the  porpose  of  the  trial 

Very  respeotfolly,  yoor  obedient  servant,  

B.  M.  WEIGHT, 
Oaptam  of  Ordnanee. 
The  Chief  of  Obdnanob,  IT.  S.  A., 

WaaMngUMf  D.  O. 
[Throogh  the  commanding  officer.) 

{laAoraemoat.'] 

Fbainefood  Absbnal,  Deoemher  16, 1878. 
BespeotfUly  forwarded  to  the  Chief  of  Ordnance,  TJ.  S.  A. 
From  actoal  firing  I  am  satisfied  as  to  the  efficiency  of  the  three-ball 
cartridge  for  the  Golfs  revolver  at  short  ranges  with  a  charge  of  20 
gr^ns  of  powder.    The  alteration  in  the  choke  of  the  chamber  seemed 
to  do  no  l^nn.    I  oonoor  with  Captain  Wright  in  his  request. 

JAS.  M.  WHITTEMOBB, 
if <yor  of  Ordncmee,  Command'^. 
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[  Indonemente. } 

Obdnaiiob  Office,  Wab  Dspartxevt, 

Waahington,  Deeember  19, 1878. 
Bespeotfully  referred  to  the  commanding  officer  of  the  Ifatiooal  Ar- 
mory for  report,  and  with  directions  to  call  npon  the  oomnianding  officer 
of  Frankford  Arsenal  for  snch  cartridgea  as  he  may  need. 
By  order  of  the  Chief  of  Ordnance. 

S.  C.  LTFOBD, 
M^or  of  Ordnance. 

STationai.  Abhobt,  Jvm  S,  1879. 
Bespectfiilly  returned  to  the  Chief  of  Ordnance  with  the  report  of 
Captain  Greer,  Ordnance  Department,  herewith  inclosed. 

J.  G.  BBNTOliT, 
Lieutenant-CoUmel,  Commanding. 


National  Abhosy, 
^tringfietd,  Mats.,  June  4, 1879. 

Bm :  In  accordance  with  yonr  instructions,  I  have  the  honor  to  snb 
mit  the  following  report  on  the  multiball  cartridges  for  Army  roToIrers, 
devised  by  Captain  Wright,  Ordnance  Department : 

These  cartridges  were  tested  for  initial  velocity,  recoil,  power — aa 
shown  by  penetration  in  white  pine — accuracy,  and  dispersion  of  fire. 
The  velocities,  it  will  be  seen,  are  somewhat  lower  than  that  of  the  serv- 
ice cartridge,  bat  the  weight  of  lead  thrown  is  so  mnch  greater  than 
in  the  service  as  to  give  wit^  Nos.  2  and  3  an  unpleasant  shook  to  the 
hand  and  arm. 

In  power  there  is  a  decided  lack  as  compared  with  tiie  service  cartridge, 
Kos.  2  and  3  giving  but  one  inch  and  1  and  5  two  inches  penetration  at 
25  yards.    No.  i  falls  off  to  1.25  and  No.  5  to  1.8  inches  at  50  yards. 

A  penetration  of  1  inch  in  white  pine  is  nsnally  considered  as  corre- 
sponding to  a  dangerous  wound ;  but  this  presupposes  that  the  bullet 
has  some  weight,  as,  for  example,  the  rifle  bullet  of  405  grains,  or  per- 
haps even  the  revolver  bullet  of  230  grains.  The  shock  to  the  system 
is  an  element  as  well  as  the  mere  penetration.  The  weight  of  these 
bullets  is  from  117  to  130  grains. 

As  regards  accuracy,  two  considerations  are  involved,  viz,  nnifbrmity 
of  dispersion  and  the  coincidence  of  the  centers  of  the  clusters  of  shot, 
holes  produced  at  each  shot.  Both  these  are  necessary  in  order  always 
to  insure  the  same  effect  at  a  given  range.  The  deviations  are  given  in 
the  table,  and  the  10  centers  of  impact  of  the  30  and  20  ballets  are 
platted  in  comparison  with  10  shots  made  with  the  service  cartridge. 
Except  at  very  sQiort  ranges,  the  accuracy  cannot  be  considered  satis&o- 
tory. 

With  regard  to  dispersion  of  fire,  whicA  is  the  true  ration  Wetre  at 
these  cartridges,  an  inspection  of  the  tables  shows  that  at  short  ranges 
there  is  none  at  all,  the  bullet-holes  of  each  shot  nearly  coinciding.  At 
longer  ranges,  75  and  100  yards,  there  is  aconsiderable  dispersion  of  balls, 
but  they  have  too  little  power  to  do  much  execution. 

Again,  the  weight  of  the  cartridges  carried  is  to  be  considered.  The 
table  shows  an  increase  in  the  weight  of  60  cartridges  over  60  of  the 
service  of  &om  2.2  ounces  in  No.  5  to  1  pound  8  ounces  in  No.  2.  .,  joqIc 
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Lastly,  the  use  of  these  cartridges  necesaitatea  a  slight  change  in  the 
chambers  of  every  revolver  in  the  service  unless  the  two-ball  cartridge  be 
flred  from  the  Golt,  which,  however,  was  not  intended,  as  it  was  desired 
to  atilize  its  longer  cylinder  for  the  three-ball  cartridge. 

As  a  result  of  the  tests,  it  may  be  stated  that  these  cartridges  are  infe- 
rior to  the  service,  which  is  lighter,  more  aocorat^.  and  ^  more  power- 
ful, giving  a  penetration  of  2.25  inches  at  300  yards. 
Very  respectfully,  yonr  obedient  servant, 

JOHN  B.  GEEEB, 
Captain  o/  Ordmmoe,  U.  8.  A, 
The  CoMMANDmo  Officer, 

IfaHontd  Arm<»ry. 
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[bidoTBemente.] 

Obbnakob  Oppioe,  Wah  Depabtuent, 

Washington,  June  9, 1879. 
Eo^pectfully  returned  to  Capt.  E.  M.  Wright,  through  the  command- 
in?  ofacer  of  Frankford  Arsenal. 
By  order  of  the  Chief  of  Ordnance.  S.  0.  LTFOED, 

Major  of  Ordiumee. 

Trakefotld  Assbnal,  Pa.,  June  23, 1879. 
Itespectfiilly  retomed  to  the  Chief  of  Ordnance,  IT.  S.  A.,  throngh  the 
commanding  officer,  Frankford  ArsenaL 

I  cannot  agree  to  the  conclusions  drawn  hy  Captain  Oreer  in  his  re> 
port. 

I  consider  a  penetration  eqnat  to  one  indi  in  white  pine,  with  a  hnllet 
weighing  117  grains,  wonld  produce  a  dangeroos  wound.  The  bnokshot 
from  the  old  "  bnck  and  ball "  cartridge  weighed  bnt  41  graine,  and  was 
deemed  effective.  The  efficiency  of  the  multiball  cartridge  wonld  he 
more  iolly  proved  if  fired  under  service  conditiona.  It  ia  one  thing  to 
fire  a  revolver  "  with  &  muzzle  reat-" ;  it  ia  a  very  different  afbir  to  fire 
it  while  monnted. 

E.  M.  "WEIGHT, 
Captain  of  Ordnance,  U.  8.  A, 

Fbanefobd  Absenal,  Pa.,  <7un«  21, 1879. 
Bespectfnlly  retained  to  the  Chief  of  Ordnance,  T7.  8.  A. 
I  am  oonvinoed  that  for  ranges  varying  from  26  to  100  yards  the  dis- 
abling effiaot  of  the  service  revolver  is  doubled  or  trebled  fired  with  the 
niultibaJl  cartridge.    This  I  underataud  is  about  what  is  claimed  for  it, 
and  nothing  more. 

JAS.  M.  WHITTEMOEE, 
Mtfjor  of  Ordnance,  Commanding. 

Obdnanoe  Offiob,  June  25, 1S79. 

Bespectfnlly  referred  to  commanding  officer,  National  Armory,  invit 
ing  his  attenbOQ  to  fourth  and  fifth  indoraementa. 

The  recent  equipment  board  was  "  so  impreaaed  with  the  value  of  this 
kind  of  ammunition  that  it  recommended  that  it  be  manufactured  and 
adapted  to  the  Army  revolver."  Oar  triala  and  experiments  must  setQe 
the  question  first  and  prove  that  the  expense  of  alteration  of  revolvers, 
&C.,  is  jostifled  by  the  sncoess  of  our  trials.    Please  give  it  Airther  con- 

a  V.  BENET, 

Brigadier-General  and  Chi^of  Ordnanoe. 

lifATjoNAL  Abmoky,  Jtd^  10, 1879. 

BespectMIy  retomed  to  the  Chief  of  Ordnance. 

Out  of  rega^  to  the  recommendation  of  the  board  referred  to  in  the 
sixth  indoraement  I  would  recommend  that  a  thorough  trial  of  Captmn 
Wright^a  multiballcartridge  be  made  in  the  field,  with  ute  servioerevolver, 
Colt's  pattern. 

With  regard  to  the  use  of  budtshot,  and  ball  and  buckshot  cartridges, 
to  which  Captain  Wright  refers  in  the  fourth  indorsement,  the  former 
was  practically  abandoned  more  than  thirty  years  ago  for  the  want  of 
efficiency  in  the  military  service.  I  also  recollect  that  miUtary  men  very 
much  doubted^the  osefhlness  of  the  ball  and  buckshot  cartridge,  conaid- 
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eiing  tliat  bnckshot  woonds  team  these  oartiidges  weie  of  rare  occur- 
rence. 

J.  G.  BENTOH, 
Colonel  Conummdiim. 

OedbAkce  Opfiob,  Ji%  18, 1879. 
Biespectfully  retnmed  to  commanding  officer,  Frankford  Arsenal,  Tha 
will  get  np  a  mnltiball  cartridge  for  the  Oolt'a  aervioe  revolver  and  send 
a  sample  to  this  office. 

S.  V.  BBITET, 
Bri^adier-Omeral  and  OMef  of  OrmoMie. 

Fbanefobd  Abseital,  Pa.,  Jvly  19, 1879. 
BespeotfdUy  referred  to  Gapt.  E.  M.  Wright  for  compliance  with  pre- 
ceding indorsemente. 

JAS.  M.  WHITTEMOBB, 
Major  of  Ordnance^  Commanding, 

Fbakefobd  Absbnajl,  Avgvtt  25, 1879. 
Biospectftilly  retomed  to  the  commanding  offico',  with  inclosed  report 

and  sample.  ^^     

E.  M.  WEIGHT, 
Capta^  of  Ordnonos,  U.  9.  X 


BEPOBT. 

Frankfobd  Absenal,  Avgwt  25, 1879. 

Sib  :  I  have  the  honor  ia  submit  herowith  a  sample  mnltiball  cartiidge 
adapted  to  the  "  sdrvice  Colt's  revolver." 

To  obtain  sufficient  length  of  case,  and  to  overcome  the  choke  of  the 
chamber,  I  have  bottled  the  case  slightiy  at  the  forward  end. 

This  allows  the  use  of  three  ballets,  diamet^  ".128 ;  weight,  110  gmns } 
charge  of  powder,  26  grains. 

Tlus  cartridge  is  sofficiently  accorate,  and  ^vea  good  penetrataon. 

The  latter  is  as  follows : 

26  yards,  2  inches. 

60  yards,  IJ  inches. 

76  yards,  l|  inches. 

100  yards,  1  inch. 

I  had  hoped  to  compare  the  destrnctive  effect  of  the  service  and  mnl- 
tiball cartridge  by  firing  -while  mounted.  This  was  found  to  be  imprac- 
ticable, and  as  the  next  best  thing  two  targets  were  made  on  foot,  mn- 
□ing.  Starting  at  lOj  yards  on  a  gentle  run,  the  revolver  was  fired  till 
empty.  It  was  then  reloaded  at  a  halt,  and  running  and  firing  resumed. 
In  this  manner  the  target  was  approached  20  yards  at  a  time,  the  aver- 
age time  for  this  distance  being  ten  seconds. 

There  being  bat  twelve  m^tiball  cartridges  left,  I  commenoed  the 
sixth  chamberfhl  of  each  cartridge  at  60  yanls,  and  the  seveatib  at  2S 
yards.  The  target  was  6  feet  high  and  16  feet  long.  On  this  were 
mdely  drawn  the  figures  of  eight  men. 

The  accompanying  targets  show  the  resalta. 

I  also  inclose  herewith  sample  of  the  ballet  after  striking  lui  iron  tar- 
get; distance,  76  yards. 

Very  respectfhlly,  your  obedient  servant, 

E.  M.  WEIGHT, 
CaoUiin  Ordnonos,  U.  8,  A. 

OoiDUNSiNa  Opfiobi^  Frarikford  Artmei. 


SERVICE  COLT'S  REVOLVER,  MULTIBALL  CARTRIDGE 


TargM  3  ftit 

5  Sluit*      IS  Bif. 


Dittany    25  yards. 


? 


Toritt  Sfitt  nruan.    JXtiaivie.  50  gardt. 


fi«*trM/„n 

/fif 

\       \ 

j 

1 

; 

\ 

1 

TO^et  It  ft»t  tfuar*.    DittiHuie,    75  invdi. 


SSkeU,     fSHU, 

- 

X 

- 

. 

r 

- 

- 

' 

' 

* 

1 

1 

ij. 

1 

4jt:.j 

i 

• 

, 

1 

Finifnnfli)»dB-t. 


lb,  Google 


b,  Google 


b. . 

5?   ; 


■»J  5 


11 


li 


?d  by  Google 


run  luiT. 


S  ' 


1-- :■: 

.ft ... . 


1  i  i 


i 

■i  «.iSits.K!; 

^ 

it 

til 

3 

ft   0  -)  -o  ,♦  '0  0; 

s 

1 

^  a  -1  •+  -ti  -^  t- 

Sl^ 

liiill^a 

1 

^_~JX___J) 

c 

■>( 

li 

\- 

-A 

41 

ri 

^F^ 

~i 

S4 

^'^r-v— -4— — 

-41 

^^H 

_   ..(1 

0/ 

7,       — li  1 

^ 

-_-  ,r  . 

-1^1 

r 

-V 

;^rs^ 

-1^ 

^ 

-A 

— ^ 

-4 

^^^^^ 

n 

r 

-^^ 

~—J^2i 

c 

^^       ^ 

^ 

^^z:^' 

rV 

7    ij 

^ 

■^  J 

-4) 

^=-=< 

A 

'ni 

M 

•» 

.oogic 


b,  Google 


BEPOBT  OF  THE  CHIEF  OF  ORDNANCE.         6a6 

[ludoraemenla.} 

Franefobd  Arsenal,  Avffuat  26, 1879. 
Kespectfiilly  returned  to  Captain  Wright  for  further  explanation  as 
regards  space  occupied  by  the  sample  cartridge,  as  to  length  of  chamber 
of  revolver,  and  practicability  of  manufacture  bj  the  quantity  in  ordi- 
nary loading  machines. 

JA8.  M.  WHITTEMOEE, 
Major  of  Ordnance,  Commanding. 

Fbanefobd  Arsenal,  Attffuat  26, 1S79. 
Respectfully  returned  to  commanding  officer. 

The  length  of  the  chamber  of  the  Colt's  revolver  is  1",6.  The  total 
length  of  the  sample  multiball  cartridge  is  1".61.  Deducting  "0.6  for 
thickness  of  head,  as  the  cartridge-head  occupies  no  jiart  of  tbe  cham- 
ber, leaves  the  length  of  chamber  taken  up  by  the  cartridge  1".55.  The 
front  bullet  is  therefore  "0.5  below  the  front  face  of  the  chamber.  There 
would  be  no  trouble  in  the  manufacture  of  this  cartridge  in  quantity  by 
the  ordimu-y  machine  now  in  use  at  this  arsenal. 

E.  M.  WRIGHT, 
Captain  of  Ordnance,  U.  8.  A, 

Fbanefobd  Absekal,  Pa.,  August  26, 1879. 
Respectfully  returned  to  the  Chief  of  Ordnance,  XJ.  8.  A. 
The  sample  multiball  cartridge  for  caliber  ".45  Colt's  revolver  strikes 
me  as  the  best  that  can  be  done  for  service  revolver  with  choke  in  cham- 
ber to  prevent  bullets  advancing.  The  corresponding  choke  in  shell 
reduces  diameter  of  bullet  ".02  double  thickness  of  wall  of  shell.  This 
prevents  slugging  for  taking  grooves  of  barrel  to  any  extent.  With  the 
round  ballet  its  importance  diminishes,  however.  The  sample  is  strong 
and  tbe  balls  well  protected.  Twenty-five  grains  powder  seems  to  be 
charge  enough  for  a  cartridge  of  this  kind. 

JAS.  M.  WHITTEMOEE, 
Major  of  Ordnance,  Commanding. 

Oednamce  Office,  Wae  Depabtment, 

Waghington,  Augmt  29, 1879. 
RespectflUly  referred  to  the  commanding  officer  of  yational  Armory 
for  trial  and  report,  and  to  call  upon  commanding  officer  of  the  Frank- 
ford  Arsenal  for  more  cartridges  if  necessary. 

8.  C.  LTEOBD, 
Acting  Chief  of  Ordnance. 

National  Abmobt,  October  16, 1879.    . 
Respectfully  returned  to  the  Chief  of  Ordnance  with  the  report  caUed 
for  in  the  precedmg  indorsements. 

J.  G.  BENTOS, 
Colonel  of  Ordnance,  Commanding. 
23  OBD 
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Proceedings  of  a  board  of  officers  convened  in  obedience  to  tke  foUowing 
order : 

tPost  Ocden  Ko.  30.] 
National  Akmory,  Sprinofield,  Mass.,  October  6,  1879. 

Par.  II. — A  board  of  offloen,  to  consist  of  First  Lient.  Eogera  Bimie.  jr.,  Ordnance 
Department,  and  Pint  Lieut.  C.  C.  Moirition,  Ordnanca  Department,  will  convene  at 
thia  armory  to-morrow,  the  7t)i  instant,  at  10  o'clock  a.  m.,  or  as  aoon  thereafter  oi 
practicable,  to  test  and  report  upon  the  Wright  muHibaU  cartridgeg  for  Berrice 
ravolvera. 

By  command  of  Col.  J.  0.  Benton:  D.  A.  LYLES, 

Lieatenanlof  Ordnance,  FotI  Adjatant. 

National  Aemort, 
Springfield,  M<m.,  October  7, 1879. 

The  board  met  pursuant  to  the  foregoing  order. 

Present,  both  the  members. 

The  ooDveuing  officers  having  submitted  to  the  board  the  Wright 
multiball  cartridge,  adapted  to  Colt's  service  revolver,  they  proceeded 
to  comparative  t«st8  of  this  cartridge  and  the  service  cartridge,  firing 
each  in  tun,  under  the  same  circumstances,  and  by  the  same  marlcB- 
man. 

The  object  of  the  trial  was  to  obtain  direct  comparisons  of  the  two 
cartridges  as  to — 

Ist  Initial  and  remaining  velocities. 

2d.  The  energy  at  different  ranges. 

3d.  The  recoil. 

1th.  The  penetration. 

5th.  The  accuracy  in  firing  with  muzzle-rest. 

6th.  The  accuracy  in  firing,  moving  on  horseback  and  on  foot,  at  a 
front  or  body  of  men. 

7th.  The  dispersion. 

Arms  and  ammunition  used,  Colt's  service  revolver,  caliber  "M; 
Wright's  multiball  revolver  cartridge,  caliber  ".45 ;  service  revolver 
cartridge,  caliber  ".45. 

The  multiball  cartridge  submitted  to  the  board  has  a  case  similar  to 
the  service  cartridge,  excejiting  iu  its  length,  being  1".61,  and  in  its  be- 
ing bottled  forward  to  pass  the  choke  in  the  chamber.  The  mean  of  the 
charge  of  powder  obtained  from  the  cartridges  is  25  grains.  There  are 
three  bullets,  each  weighing  110  grains,  and  having  a  diameter  of  ".428. 
The  two  extreme  balls  are  segments  of  spheres,  with  one  base,  the  ntdins 
of  which  is  one-eighth  of  an  inch ;  the  middle  ball  is  a  segment  of  a 
sphere,  the  radii  of  whose  bases  are  each  one-eighth  of  an  inch.    The 

?awder  is  closely  compressed,  so  as  to  occupy  but  ".42  of  the  case. 
>rawings  of  the  cartridge  are  appended  hereto,  marked  A. 

VELOCITIES. 

The  following  is  a  table  of  comparative  velocities : 


powder. 

'Jtt' 
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The  initial  velocity  for  the  service  ballet,  725  feet,  is  assamed  as  ite 
mean  average  velocity. 

The  initial  velocity  for  the  multibftll  bullets,  '690  feet,  is  dedaced  &om 
a  series  of  33  moasurements  by  the  Bonlenge's  chroDOgrapb.  List  ap- 
pended, marked  B. 

The.  multiball  velocities  will  be  found  to  vary  between  widely  sepa- 
rated extremes,  each  ball  of  the  three  diffenng  from  the  others.  The 
middle  ball  was  found  to  be  second  in  penetra^pn,  heuce  in  velocity. 
Up  to  25  yards  it  was  the  most  accurate.  It  is  noticeable  in  the  veloc- 
ities recorded  that  it  cut  the  second  target  the  moat  often  of  the  three, 
those  velocities  between  681  and  697  feet  probably  belonging  to  this 
ball.  The  uQcertainty,  however,  as  to  the  ball  by  which  the  wirea  were 
cat  caused  the  board  to  take  the  mean  velocity  of  the  thirty-three  as 
the  mean  velocity  of  alL  This  velocity  is  used  in  compnting  the  mean 
energy  of  the  three  balls,  the  table  of  comparative  energies  being  as 
follows : 

Tabls  II. 


^ 

Weight  of 
po»d«T. 

"Si"' 

HI 

•),»U 

TSjHd.. 

100j.rd* 

Mniuuii;".;'. 

aratnt. 

Oraim. 

230 
ilO 

8S.i 

ftwtjpnmdt. 

The  theoretical  recoils  are,  respectively,  for  the  service  cartridges,  3.7 
foot-pouDds ;  for  the  multiball  cartridges,  6.86  foot-pounds ;  deduced 
from  the  following  data: 

Weight  of  revolver,  16,784  grains. 

Weight  of  service  bullet,  230  grain. 

Velocity  of  service  bullet,  725  feet. 

Weight  of  (3)  multiball  bullet«,  330  grains. 

Mean  velocity  of  (3)  multiball  bullete,  690  feet. 

Force  of  gravity,  32.16  feet. 

Although  the  theoretical  recoil  is  seen  to  be  nearly  twice  as  great  as 
with  the  service  cartridge,  the  shock  was  not  found  to  be  such  as  to  tire 
the  hand  in  firing  fifty  multiball  cartridges  in  qnick  succession. 

Assuming  that  the  increased  recoil  has  no  effect  on  the  accuracy  of 
the  fires,  as  has  been  shown  in  this  ease  of  the  service-cartridge,  it  would 
be  no  material  objection. 

PEKETEATION. 

In  determining  the  penetration,  white-pine  butts  were  used,  made  of 
inch  boards,  with  1"  spaces  intervening  between  the  layers  of  boards. 
Five  complete  targets  were  made  at  each  of  the  ranges,  50,  75,  and  100 
yards,  aud  eight  complete  targets  at  25  yards,  giving  mean  results  found 
in  the  following  table: 

Tabu  III. 


Multiball  bnlleta. 
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In  iletenmiiiiig  the  penetration  at  25  yards,  cartridges  were  nsed  with 
the  forwanl  bullet  marked  by  replacing  about  two  grains  of  the  lead  by 
the  same  weight  of  Termilion,  pressed  into  the  hole  from  which  the  lead 
was  taken,  so  as  uot  to  alter  the  shai>e  of  the  ball.  This  enabled  the 
boanl  to  determine  which  ball  had  the  greatest  penetration,  hence  the 
greatest  iuitial  velocity.  The  result  proved  the  forward  ballet  to  have 
the  maximum  penetration,  the  middle  ball  to  be  second,  and  the  rear 
ball  third.  . 

Beasoning  trora  analogy,  at  each  of  the  other  ranges  the  same  wonld 
be  true;  hence  the  balls  numbered  I,  2,  and  3  are  presumed  to  be  the 
forward,  middle,  and  rear  balls,  respectively.  Tabulated  records  of  the 
targets  for  i>enetration  are  appended,  marked  G. 

The  penetrfttiou  of  the  service  bullet  at  50  yards  is  3J  inches ;  at  100 
yards,  3^  inofaea. 

ACCURACY  WITH  MUZZLE-REST. 

For  the  purpose  of  direct  comparison,  targets  of  ten  shots,  fired  with 
muzzle-rest  at  a  12'  butt,  were  made  at  25,  50,  75,  and  100  yards. 
(See  Plates  XXXV  and  XXXVI.)  The  results  of  which  are  expressed 
in  the  following  table: 

Table  IV, 
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In  obtainiDg  the  mean  absolute  deviation  of  the  multiball,  that  ball 
which  was  nearest  of  the  three  to  the  point  aimed  at,  viz,  the  center  of 
the  target,  was  taken,  rather  than  the  center  of  impact  of  the  three,  as 
giving  the  more  nearly  just  comparison.  It  is  seen  for  a  single  object 
aimed  at  above  25  yards  the  accuracy  of  the  service-cartridge  is  abont 
twice  that  of  the  multiball;  but  when  the  dispersion  of  the  ^tter  nsed 
against  a  front  of  men  is  considered,  this  apparent  want  of  accuracy  is 
compensated  for. 

The  target  record  from  which  the  mean  absolute  deviations  were 
obtained  is  appended,  marked  D. 

ACCUKACT  IN  FIRING,  MOTINQ. 

To  determiue  this,  the  service  conditions  were  obtained  aa  nearly  as 
possible. 

Sergeant  Donovan,  of  the  National  Armory  detachment,  was  selected 
as  about  equiil,  possibly  a  Uttle  sui)erior,  to  the  average  shot,  w 
marksman.  The  fignres  of  ten  men,  rudely  drawn  on  a  canvas  rect- 
angle 18'  G"  by  6'  feet,  were  taken  as  a  target.  This  target  was  ap- 
proached perpendicularly  to  its  fi-ont  at  an  easy  gallop.    Firing  wm 
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commenced  at  100  yards  with  the  multiball  cartridge.  Six  shots  were 
delivered  between  100  and  60  yarda.  The  same  was  theD  done  with  the 
service- cartridge.  The  target  was  then  approached  in  tlie  same  man- 
ner, six  shots  being  fired  between  60  and  25  yards ;  then  between  40  and 
10  yards.  In  each  series  of  six  shots  the  service  alternating  with  the 
mnltiball. 

The  same  was  done  on  foot  at  a  run,  checking  the  speed,  but  not  halt- 
ing, to  flrw;  the  distances  between  which  the  siJc  shots  were  delivered 
being  as  given  in  the  following  table. 

The  target  was  then  fired  at  on  foot,  running,  while  passing  it  parallel 
to  its  front,  at  a  distance  of  30  yards  from  it ;  firing  commencing  and 
ending  about  50  yards  obliquely  distant  from  its  center. 

The  ground  over  which  the  target  was  approached  on  horseback  and 
on  foot  was  rough,  in  places  slippery. 

The  following  tables  exhibit  the  results,  and  copies  of  the  targets  are 
appended  (Plates  XKXVII,  XXXVIII,  and  XXXIX),  giving  in  each 
uaae  the  results  of  the  most  snocessful  tnals : 
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Table  VU. 

(Fired  au  foot  M  a  run.) 
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From  the  foregoing'  tables  it  will  be  aeeii  that  in  54  shots  fired  from  on 
horseback,  moving  at  gallop,  at  distances  varying  between  100  yards  and 
10  yards,  21  service-bullets  bit  the  target,  and  in  the  same  namber  of 
shots,  sini^arly  fired,  of  multiball  cnrtridges,  51  ballets  struck  the  tar- 
get; that  of  24  shots  fired  ninnilig,  on  foot,  between  100  yards  and  17 
yards,  15  service  and  44  multiball  bullets  struck  the  target ;  that  of  H 
shots  fired  while  running  on  foot  parallel  to  it,  4  service  and  13  multiball 
ballets  hit  the  target. 

The  average  time  of  firing  the  six  multiball  cartridges  waa  10|  seconds; 
that  for  the  six  service-bullets,  12^  seconds. 

DIBPEBSION. 

Examining  Plates  XXXV  and  XXXVI,  it  will  he  seen  that  the  aver- 
age circumscribing  rectangle  at  25  yards  of  the  groups  of  shots  in  the 
multiball  is  16"  by  16^",  making  it  possible  to  hit  two  files  at  SOj-ards; 
the  average  rectaugle  being  4fl§"  by  30§",  two  files,  possibly  three, maj 
be  hit.  Between  75  and  100  yards  the  spread  covers  more  Uian  three 
files,  rendering  it  possible  to  hit  three  men  in  a  fix>nt. 

CONCLUSIONS. 

The  efiiciency  of  the  cartridge  turns  upon  two  considerations:  first, 
accuracy;  second,  effective  energy. 

In  point  of  accuracy,  when  used  either  against  a  single  file  or  a  front 
or  body  of  men,  under  the  usual  service  couditions,  viz,  without  rest, 
and  fired  by  pointing,  not  sighting,  the  multiball  cartridge  is  a  little 
superior  to  the  ser\'ice  up  to  25  yards ;  between  that  and  50  yards,  n'early 
twice  that  of  the  service  against  a  front  of  men,  and  nearly  equal  to  the 
service  against  a  single  file. 

Between  50  and  100  yards  it  approaches  nearly  three  times  that  of  the 
service -cartridge  against  a  fi^nt  of  men. 

The  board  finds  the  question  of  effectiveness  a  very  serious  one  about 
which  to  arrive  at  a  conclusion,  with  available  data.  Even  atSO  yards, 
which  they  consider  a  minimum  effective  range  for  a  revolver-cartridge, 
the  energy  of  one  of  tlie  three  bullets  is  scarcely  more  than  one-third  of 
that  of  the  service-bullet  at  the  same  range. 

The  experiments  lead  to  the  conclusion  of  a  probable  and  marked 
superiority  (on  account  of  the  greater  number  of  balls)  of  the  multiball 
cartridge  over  the  service,  to  include  a  range  of  50  yards ;  but  even 
within  this  limit,  it  is  believed  a  weIl-ground»l  conclusion  can  only  be 
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arrived  at  by  actual  trial  in  service,  in  order  to  determine  tbe  capability 
of  the  multiball  bullet  to  inflict  a  dangeroiiB  or  a  fatal  woand. 

Independent  of  other  considerations,  if  it  be  intended  to  have  this 
multiball  cartridge  succeed  the  present  uniball,  it  seems  to  the  board 
that  a  great  sacritice  of  weight  and  diameter  of  ball  is  made  in  utilizing 
a  .45"-caliber  rifled  revolver  for  firing  a  .428"  spherical  bullet,  to  gain 
tbe  adaptation  of  the  cartridge  to  the  present  choke  of  the  chamber,  a 
much  heavier  ball  being  in  their  opinion  at  least  desirable.  The  cart- 
ridge submitted  cannot  be  fired  team  the  Smith  and  Wesson  revolvers 
now  in  the  bauds  of  troops. 

B.  BIBSIE   Je., 
Lieutenant  of  Ordnance,  Praident. 

CHARLES  C.  MORRISON, 
Lieutencmt  of  Ordinance,  Recorder. 
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(C.) 
PtHttratiimin  tekUe^ue. 
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iT  third.     The  average  distance  of  the  several  balls  froDi  the  point  aimed  at 
was,  forward  ball,  S.2inclieii;  middle  ball,  6.6  inches;  rear  ball,  9.tt  inches;  showing 
the  middle  ball  at  this  range  to  have  the  greatest  accoiacf  ■ 
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(One  plate.) 

FIRST  REPORT  ON  MERWIN,  HULBERT  &  CO.'S  MULTIBALL  CARTRIDGES 
MADE  BY  MAJ.  J.  M.  WHITTEMORE  AT  FRANKFORD  ARSENAL,  1879. 

Fbankpobd  Arsehal,  April  23, 1879. 

Sib:  In  coiDpIiance  vith  your  instructions  of  7th  and  Idtb  instants,  I 
have  the  honor  to  anbmit  the  followiiig  report  on  multiball  cartridges 
Bubmitted  for  trial  by  Merwin,  Hulbert  &  Co.,  of  New  York  Oity : 

Id  the  annexed  sketch  Plate  XL,  figures  1, 2,  and  3  represent  the  rifle 
cartridges,  and  figure  4  the  revolver  cartridge.  Another  cartridge,  not 
shown  in  sketch,  was  also  tried,  and  will  be  referred  to  as  No.  5. 

The  programme  of  the  experiments  was  suggested  by  Mr.  Moore,  the 
representative  of  Merwin,  Hulbert  &  Go. 

DESCRIPTION   OP   CABTBIDOES. 

Tfo.  1  contains  3  round  balls,  diameter  0".42u ;  weight,  110  grains. 

No.  2  contains  2  round  balls  and  1  conical  ball;  weight,  112  grains.  > 

No.  3  contains  3  spherical  zones  and  1  conical  ball ;  weight,  112  grains. 

No.  4  contains  2  spherical  zones  and  1  conical  ball,  same  size  and 
weight  as  No.  3. 

No.  5  contains  4  round  balls,  same  size  and  weight  as  No.  1. 

Nos.  1,  2,  and  3  contained  68  grains  powder ;  No.  4, 29  grains  powder, 
and  No.  5,  50  grains  powder. 

The  bade  in  all  were  inclosed  in  a  stout  paper  case  saturated  with  a 
mixture  of  parafflne  and  lieeswax.  The  paper  case  of  some  were  var- 
nished with  shellac  with  aview  of  preventing  evaporation  of  the  lubricant 
under  high  temperatures.  The  balls  so  incloBed  are  inserted  in  the  ordinaiy 
metallic  cartridge  case  over  a  charge  of  powder  and  the  case  crimped, 
leaving  the  front  ball  projecting  from  its  mouth  from  0".5  to  0".6,  and, 
therefore,  the  front  ball  is  held  in  position  by  tlie  paper  envelope  only. 
ACCXJBAOY  AT  60  YARDS. 

No.  1,  mean  absolute  deviation 1'.  007 

No,  2,  mean  absolute  deviation 2*.  833 

No.  3,  mean  absolute  deviation  (16  misses) 1'.  702 

No.  5,  mean  absolute  deviation 3'.  520 

ACPUBACT  AT  100  YARDS. 

No.  1,  mean  absolute  deviation  (3  misses) 2'.  440 

No.  2,  mean  absolute  deviation  (7  misses) 2'.  937 

No.  3,  mean  absolute  deviation  (10  misses) 1'.  389 

No.  5,  mean  absolute  deviation 2*.  796    . 

FOULING. 
jVo.  1  cartridge,  100  rounds  fired,  barrel  weighed  after  each  20  ahots  but  not 
cleaned. 
After  20  shots;  fouling,  6  grains. 
After  40  shots;  fouling,  6  grains. 
After  60  shots;  fouling,  11  grains. 
After  80  shots ;  fouling,  12  grains. 
After  100  shots ;  fouling,  10  grains. 

APPROXIMATE  EFFECTITB  RANGES. 
No.  5,  at  100  yards,  12  hits,  6  misses. 

No.  I,  at  150  yards,  11  hits,  7  misses.  ^  ■ 

No.  2,  at  160  yardB,  8  hitfl,  10  miaseft.  na" ^^^ by f^TOOglC 
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"So.  3,  at  ISO  yards,  6  hits,  18  misaes. 

Ho.  5,  at  130  yards,  9  htta,  9  misses. 

Ko.  1,  at  200  yards,  9  hits,  9  misses. 

Ko.  2,  at  200  yards,  2  hits,  16  misses. 

'So.  3,  at  200  yardtj,  2  bits,  23  misses. 

The  preceding  results  are  for  rifte  ammimition. 

BETOLTEB  AMMUKITION  (No.  4). 

Aecuraey  {Jixed  rest}. 

Mean  absolute  deviation,  15  yards  O*.  SIM 

Mean  absolute  deriatioii,  20  yards O*.  571 

Meao  absolute  deviation,  30  yards I'.TT^I 

Mean  absolute  de\'iation,  40  yards 1'.  34Ji 

Mean  absolute  deviation,  40  yards 1'.  73j 

Mean  absolute  deviation,  SO  yards     V.  85U 

Kean  absolute  deviation,  60  yards 2*, 048 

Mean  absolute  deviation,  75  yards 3'.  775 

OFF-HAND  PIBIHQ. 

Mean  absolute  deviation,  35  yards  1'.  913 

Mean  absolute  deviation,  35  yards 1'.  993 

Mean  absolute  deviation,  35  yards 2'.  442 

Mean  absolute  deviation,  35  yards 1'.  890 

No  misses.  Target  12  feet  square.  Point  sighted  3'  above  center  from 
40  to  76  yards.  Some  of  the  rifle-cartridge  balls  struck  the  ground  at  7j 
yards  from  the  gun  and  others  rieochetted,  and  afterward  struck  the 
target.  Specimens  picked  ap  at  the  target  showed  that  the  spherical 
eones  tumbled  in  flight. 

This  multiball  ammunition  possesses  no  advantage  for  military  pur- 
poses over  that  already  experimented  upon  at  this  arsenal  by  Gapt.  E. 
M.  Wright,  Ordnance  Department. 

It  depends  for  sluggage  upon  the  paper  in  which  the  bnllets  are  in- 
closed ;  Captain  Wright's  upon  the  sluggage  of  the  bullet  itself,  due  to 
its  increased  diameter  over  that  of  the  bore  of  the  gun,  which  makes  each 
spherical  bullet  weigh  more  than  a  corresponding  one  of  this  ammoui- 
tion.    It  gives  no  better  targets  nor  less  fouling  in  100  rounds. 

The  multiball  ammunition  made  here,  with  lubricant,  between  the 
balls,  and  the  shell  crimped  slightly  over  the  front  bullet  to  make  the 
cartridge  practically  water-phwf  and  keep  powder,  lubricant,  and  balls 
in  their  proper  places,  will,  in  my  opinion,  answer  all  the  requirements 
of  service  for  rifle  and  carbine  ammunition  hotter  than  this. 

For  revolvers,  the  paper  envelope  projecting  beyond  the  mouth  of  the 
shell  aud  holding  the  front  projectile  entirely,  the  ammunition  presented 
has  the  advantage  of  giving  a  maximum  powder  space  for  length  of  shell 
and  namber  of  balls  carried  in  and  with  it,  which  may  be  desirable  for 
trade  purposes. 

All  these  cartridges  will  stand  transportation  in  quantity  packed  ia 
boxes,  but  the  front  ballet  projecting  from  the  shell  is  not  sufflcientif 
secure  in  its  paper  envelope  to  stand  the  shocks  it  would  be  subjected  to 
in  the  field  and  on  the  march  if  carried  loosely  in  pouches  or  the  loops  of 
Iffurie-b^ts. 

Yery  respectfhlly,  your  obedient  servant, 

JAS.  M.  WHOTEMOEE, 
Major  of  Ordnance,  Command^. 

The  Chief  of  Obdnanoe,  U.  8.  A., 

Wa»Kingto»,  D.  0. 
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New  York,  May  12, 1879. 
Dear  Snt:  We  daly  received  the  report  made  by  M^or  Whittemore 
npoii  our  multiball  cartridge,  but  we  tlnd  tbut,  from  some  inadverteace 
of  ours  or  othera,  all  the  previous  experimental  tests  have  been  embodied 
into  this  report.  We  would  now  ask  yon  to  grant  ns  an  official  trial  of 
our  mnltiball  cartridge,  with  one  style  of  loading,  and  also  that  thia 
cartridge  has  been  made  to  meet  tlie  view  of  the  Board  as  to  the  strength, 
for  military  purposes. 

We  are,  with  respect,  yonrs  very  truly, 

MERWIN,  HXTLBEET  &  CO. 
Gen.  S.  V.  Bbn^t, 
Chief  of  Ordnance. 

[  Indomement.  ] 

Ordnance  Office,  War  Department, 

Washington,  May  13, 1879. 
EespectfuUy  referred  to  the  commanding  officer  of  National  Armory, 
with  the  report  on  this  cartridge  made  from  the  Fraukford  Arsenal, 
aud  with  directions  to  test  the  cartridge  if  presented  by  the  parties  in- 
terested. 
By  order  of  the  Chief  of  Ordnance. 

8.  C.  LYFORD, 

Major  of  Ordnance. 

National  Armory,  June  27, 1879. 
Respectfully  returned  to  the  Chief  of  Ordnance  with  a  rei>ort  here- 
with inclosed  of  the  test  called  for  by  the  preceding  indoraeuieut 
J.  G.  BENTON, 
Lieutenant- Coloitel,  Commanding. 
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Proceedings  of  a  Board  of  Officers  convened   at  the  Xational  Armory, 
Springfield,  Mass.,  pursuant  to  the  following  order,viz: 

[P»t  Olden  So.  IZ— S«riM  of  18TS.] 

BOABD  TO  TEST  MULTIBALL  CABTBIDQES. 

National  Arhort, 
Springfitld,  Mau.,  Mag  31,  1879. 
A  board  to  consist  of  Cat>t-  J.  E.  Grrer,  Ordnance  Departmunt,  nnd  First  Liout«D- 
ant  Roffers  Bimie,  Jr.,  Ordnance  Department,  will  conTene  at  this  armory  on  Friday, 
the  33(1  instant,  at  10  o'clock  a.  m.,  or  as  soon  tlierean«r  as  practicable,  to  teat  and 
report  npoQ  tlie  mnltibaU  cartridgss  sabmitted  by  Heasrs.  Merwin,  Hulbert  it  Co., 
ofSewYorkCity,  N.  Y. 
By  cummand  of  Lientenaut-Colonel  J.  G.  Benton. 

D.  A.  LY     I 
Liauimaitl  o/  Ordnaner,  Pott  A      i- 
Omcial  : 
D.  A.  LvLB, 

Liattenant  of  Ordnance,  Fo»t  AdJKtani. 

Natiomal  Abhdbt, 
^ringfieUf  Mass.,  May  27, 1879. 

Tea  o'clock  a.  m.,  the  board  met  pursuaDt  to  the  foregoiog  order. 

Present:  Both  the  metnbera. 

Mr.  Moore,  representing  the  firm  of  Merwin,  Holbert  &  Co.,  whose 
place  of  business  is  at  83  Chambers  street,  New  York  City,  N.  T.,  pre- 
sented to  the  board  samples  of  their  multiball  cartridges. 

Having  determined  upon  a  series  of  tests  for  tbe  cartridges^  the  board 
resolved  to  meet  as  might  be  necessary  to  conduct  the  same,  and  at  the 
coaclosioQ  thereof  to  meet  for  discassion  and  report. 


National  Ashobt, 
Springfield,  Mass.,  June  23, 1879. 

The  Board  has  the  honor  to  sabmit  the  following  report : 

The  cartridges  presented  for  trial  were,  viz,  moltiball  cartridges  for 
the  service  rifle,  and  multiball  cartridges  for  the  service  revolver,  in 
quantity  sufficient  to  conduct  the  experiments  herewith,  accompanied  at 
Uie  hands  of  the  agent  of  the  firm  by  a  list  of  advantages  claimed  for 
the  cartridge,  which  list  (in  eleven  paragraphs]  is  herewith,  marked  A, 

The  agent  of  the  firm  was  present  during  the  trials. 

Descriptions  of  the  cartridges,  with  drawings  of  the  same,  are  here- 
with appended  and  marked  B. 

In  the  experiments  conducted,  after  good  workmanship  and  perfection 
of  the  cartridges,  the  Board  had  in  view  to  determine  their  effectiveness  in 
regard  to  accuracy,  dispersion,  penetration,  and  the  limits  of  the  ranges 
at  which  they  might  be  equal  to,  superior,  and  inferior  to,  the  present 
uniball  cartridges.    (See  Addenda  D.) 

Plate  XLII  ^ows  the  complete  targets  made  by  firing  (10)  tm  shots 
with  the  multiball  (3-ball)  cartridges  fiom  the  rifle  and  caroine,  each  at 
ranges  of  50, 100, 150,  and  200  yards. 

Plate  XLIII  shows  every  complete  set  of  three  hits  made,  in  the  above 
firings  (by  a  single  cartridge),  plotted  independently  to  show  (individual) 
dispersion  (as  &ough  the  diJEferent  shots  had  been  fired  at  different  por- 
tions of  the  target). 

Plate  XLIY  shows  corresptmdiDg  targets  fbr  the  revolver  at  rtmges 
of  25,  50,  and  76  yards. 
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The  mean  absolute  deviation  of  the  service  rifle-bullet  at  200  yarda 
(the  extreme  range  here  used),  as  found  by  actual  experiments  at  this 
armory,  is  2."8,  and  of  the  service  pistol-bullet  at  75  yards  (the  extreme 
range  here  used),  5. "04;  results  with  which  the  multiball  cartridges, 
even  at  the  shortest  ranges  used,  do  not  compare.  Moreover,  the  mean 
absolute  deviation  of  the  multiball  cartridges  is  here  shown  to  be  less 
than  it  reaJly  is  at  the  longer  ranges,  since  only  the  hits  can  be  nsed 
in  computing;  consideration  of  the  misses  would,  of  course,  increase 
the  deviation. 

It  must  be  remembered,  however,  that  an  essential  of  the  multiball 
cartridge  is  to  combine  a  proper  dispersion  witli  accuracy,  and  hence 
the  unfavorable  showing  of  the  above  method  of  comparison  is  not  so 
apparent. 

The  following  is  deduced  fit)m  a  consideration  of  the  gronps  (alone) 
of  a  single  shot,  and  without  reference  to  the  point  aimed  at. 
Table  of  di»p«nio»  wilk  accuracy. 
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WLjch  shows  for  the  revolver  that  at  25  yards  the  three  balls  will  fall 
within  the  area  of  a  siogle  file  (soldier),  at  50  yards  the  spread  covers 
two  meD,  aud  at  75  yards  reaches  three  men. 

For  the  riSe  and  carbine  at  50  yards  the  spread  covers  two  men ;  at 
100  yards  four  men  for  the  rifle,  and  the  carbine  two  and  over;  and 
at  150  yards  the  (rille)  balls  may  reach  a  front  of  five  men.  In  none  of 
these  cases  does  the  vertical  spread  e}(ceed  the  height  of  a  man. 

The  number  of  complete  sets  at  the  higher  ranges  being  limited,  th« 
folloTring  is  deduced  by  a  simple  inspection  of  the  targets,  Plates  XLII 
and  XLIU  (showing  result  for  ten  multiball  cartridges). 
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Taking  from  this  an  average  of  the  rifle  and  carbine,  wc  find  that  In 
Hring  at  a  single  file  it  takes  at  100  yards  two  shots  to  bit,  at  150  yards 
font  shot^  to  bit ;  but  with  a  front  of  men  we  have  from  tbe  10  shots  a 
greater  number  of  balls  than  10  single-bullet  cartridges  would  give. 

At  200  yards  the  inferiority  of  the  multiball,  both  for  hitting  a  single 
otiject  and  a  front  of  men,  is  apparent. 

As  regards  "  hitting  effect^  the  conclusion  then  is : 

For  the  revolver  cartridge. 

Up  to  25  yards  (and  probably  30)  it  is  not  superior  to  tbe  uniball 
[since  the  three  balls  group  within  so  small  au  area). 

Above  that  range  the  efleet  is  eqnal  to  two,  and  sometimes  three,  uni- 
ball cartridges. 

Tor  the  rifle  cartridge. 

Upon  to  30  yards  (about)  it  is  not  superior  to  the  uniball  {the  group- 
ing is  so  smalt.) 

Between  30  and  175  yards  (about)  in  firing  at  a  fh)nt  of  men  the  (hit- 
ting) effect  may  be  exiualto  three  uniball  cartridges. 

In  firing  at  a  single  object  it  is  inferior  to  tbe  uniball  above  100  yards. 

*"  Hitting  effect"  licre  ased  aimplj- to  indicate  "probabilit;:  (or cbaacea)  of  hittiug." 
24  0BD 
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In  the  revolver  cartridges  the  difference  between  the  i>enetration  o( 
the  ogival  and  aegments  -was  quite  apparent;  a  record  of  this  firing  is   ' 
appended  and  marked  C. 

Attention  has  heretofore  been  called  to  the  light  concnssion  balls  of 
this  kind  would  give  (Capta,in  Greer's  report  on  the  Wright  mnltiball 
cartridge),  and  that  an  inch  of  penetration  would  by  no  means  give  a 
wonnd  equal  to  one  made  by  a  heavy  bullet  having  the  same  penetration. 

Assuming  that  1".5  penetration  with  these  balls  would  inflict  a  dan- 
gerous wound,  we  see  that  the  effective  range  of  the  rifle-bullet  mnlti- 
ball  is  limited  to  160  yards  (about) ;  aud  with  the  pistol,  even  at  '25 
yards,  but  one  of  the  bullets  in  the  cartridge  has  a  penetration  of  1"A 

The  fouling  was  fouud  to  be  very  slight.  Alter  TO  rounds  had  been 
flrcd  fttim  the  rifle  and  carbine  each,  the  barrels  were  cai-efuUy  weigbetl. 
then  cleaned  and  re-weighed ;  the  rifle  gave  5  grains  fouling,  the  c^htne 
no  perceptible  fouling. 

The  recoil  was  found  to  be  not  excessive. 

The  diversity  of  the  spread  at  different  ranges  in  regard  to  directions, 
vertical  and  horizontal,  shows  that  the  casing  of  the  balls  takes  tli* 
grooves  of  the  rifling ;  the  case  seemed  to  rupture  uuifonnly  and  M 
near  the  muzzle  of  the  piece,  oidy  in  exceptional  cases  parts  of  it  reach- 
ing the  target  with  the  ball. 

The  cartridges  are  flmdy  constructed;  the  metallic  case  partly  in 
closes  and  clamps  the  forward  balls,  and  the  Board  assents  generally  to 
the  claims  set  forth  by  the  inventors,  so  far  as  the  testa  applied  shov. 
with  such  exceptions  and  conditions  as  are  herein  set  forth. 

The  question  naturally  arises  whether  it  would  be  advisable  to  encuni' 
ber  men  in  action  with  cartridges  which,  in  the  opinion  of  the  Board, 
as  revolver  cartridges,  are  not  at  any  range  superior  to  the  uiiiball  tu 
inflict  a  dangerous  wound,  and  in  any  case  could  not  be  used  with  effect 
beyond  7o  yards,  aud  as  rifle  cartridges  could  not  be  used  with  effect 
beyond  175  yanls,  while  their  superiority  to  the  uniball  is  limited  be- 
tween 30  and  160  yards. 

JOHN  E.  GBEBR, 
Captain  of  Ordnanee,  United  States  Army,  President  of  tSe  Bimri. 
K.  BIRNIB,  jRy 
Lieutenant  of  Ordnance,  Keaorder. 
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Advaatage*  elainud  for  tMated  nutltiialt  metaUin  cartridge  of  Mtneiu,  Halberi  ^  Co. 

First,  no  leading  of  battel  by  any  namber  of  dischargea. 
.   S^onil.  At  eiMb  diachotge  the  caaine  act«  as  a  cteaner  and  tubricatea  tbo  barrel. 

Third.  Tha  Inbricated  cane  taking  the  rifliug  givea  an  easy  transit  of  balla  and  ao- 
ciitaoy  of  flisht. 

Fourth.  Tne  Inbricaat  ia  preBBrred  under  the  different  ordinary  degrees  of  tempera' 

Fifth.  By  the  centrifugal  force  given  to  the  casing  and  balla  by  the  rifling,  the  cas- 
ing is  thrown  otf  aft«r  leaving  the  barrel,  the  balla  diverge  i)r  aeparate  nenrly  eqoal 
to  the  front  of  three  men  at  about  one  hundred  yards  diatance. 

Sixth.  Tbia  multi  (3-t>a]l)  cartridge  in  ita  effective  (or  destmctive)  resnltA  at  each 
discharge  at  short  range  is  nearly  equal  to  three  separate  discbarges  by  a  breech-Loader 
Ibrowing  one  ball. 

Seventh.  The  cartridge  is  firrnly  constructed  and  will  withstand  rough  nsage  of 
actual  service  and  preserve  its  uniformity  of  shape. 

Eighth.  Contiauoua  (and  rapid)  firing  without  requiring  the  barrel  to  be  ckaned. 

NiDtb.  Preserration  of  ponder.  The  casing  aa  an  insulator  prevents  galvanic 
action  between  the  metallic  shell  and  balls  wliich  chemical  action  in  time  would 
list  eri  orate  the  powder. 

Tenth.  The  casings  are  mode,  the  balls  placed  and  secured  firmly  therein,  separate 
frum  the  metallic  sliella  and  cau  be  transported  in  bulk  or  otherwiae  without  injury 
nud  attached  to  the  loaded  metallic  powder  case  when  desirable  (or  at  reloadiug  of 
KbelU)  conveniently. 

Eleventh.  This  mnltiball  cartridge  is  readily  distinguished  by  touch  or  aight,  from 
the  single-ball  cartridge.  ^ 

•      (B.) 

i)«crip(ioii   of  MertBiu,   Hatbert  A  Co.'v  mitUihall  axrir'tdgv  for  the  tereice  rifle.     (Ste 
PUUXII.) 

Weight  of  powder  charge graina..     53 

Nuniber  of  balla 3 

l>iamet«rof  balls 0".  424 

Weight  of  balla  (each) groina.,     108.66 

Total  weight  of  lead grains..     326 

The  charge  is  inclosed  in  a  copper  cartridge  caae  of  service  dtmonsiona. 

The  three  balls  are  inclosed  in  a  strong  casing  of  paper  lubricated  witb  a  miztnra 
of  naratUne  and  beeswax,  making  of  them  a  single  piece. 

Fig.  2.  The  pnper  is  satiira(«d  with  the  lubricant.  The  cose  is  crimped  at  the  base 
to  hold  the  balls  in  place;  tlie  longitudinal  cuts  a  a,  Fig.3,  are  made  through  the  case  to 
facilitate  mpture  afl«r  it  has  letl  the  piece.  (A  light  coating  of  shellac  covered  the 
portion  of  the  cose  that  projects  from  the  shell  in  some  of  the  cartridges  presented, 
nith  a  view  to  protection  of  the  cartridges  from  atmospheric  influences,)  Lubricant 
is  placed  in  the  recesses  (corresponding  to  cannelures),  whore  the  balls  come  in  con- 
Uct. 

Plate  XLT,  Fig.  1,  reprosentA  the  cartridge  complete,  full  size. 

Fig.  2,  the  paper  cose  in  which  the  balls  are  inclosed. 

Fig.  3,  a  single  ball. 

The  mBltiball  cartridge  for  the  recolrer. 

Weight  of  powder  charge ................... grains..     H 

Clumber  of  balls  (1  ogival  and  3  spherical  segments)  ................ 3 

Diameter  of  balls 0".424 

Length  of  ogival  bullet. 0".3U 

Altitude  of  segments 0".  23tJ 

Weight  of  ogival  ballet grains..  Ill 

Weijrht  of  segments  (each) graina  .     82 

Total  weight  of  load grains..  275 

The  charge  ia  inclosed  in  a  copper  cartridge  cose,  of  service  dimenaiona.  The  paper 
casing  for  the  bulleta  is  like  that  for  the  ritle.  The  ogival  has  a  flat  base,  and  the 
banen  of  the  aegments  fit  to  this  and  to  each  other.  Lubricant  ia  placed  in  the  ro- 
cpwes  and  about  their  jnuctiona. 

Plate  XLI,  Fig.  4,  represents  the  cartridge  complete,  full  size. 

Fig.  5,  the  ogival  or  forward  ballet. 

Fig.6,  the  segment  bullet.  ('~'/a/miIi' 
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(D.) 

LitI  of  aptfiiaenU  adopted  for  tkt  trial  firitig  of  MertHa,  HuXbtrt^-  Co. 'a  muUihaU  eartrHs" 
for  the  »errice  rijta  and  revoltei: 

ACCUBACY  » 


PENETRATIOlf. 


Five  ravnda  to  be  flred  oa  above  at  a  pine  bntt  6  feet  square. 

Penetration  and  number  of  hita  to  be  reconlnd  between  each  series  of  flrin(p!.  If 
necewBO'i  the  unmbeT  of  rounds  to  b«  increaaed  to  obtain  sufficient  bits  to  delenuiiH- 
tbe  mean  penetration. 


ACCrBACY   ASD  DISPKBSTO^  FOR  THE   REVOL' 

Saioe  as  for  the  rifle,  except  that  Colt's  rerolver  to  be  osed  at  ranges  of  S&,  50,  uiJ 
75  jards. 

pe!ietratio:t. 
Same  as  above,  except  that  three  shots  to  be  fli«d  in  the  fint  inatuice. 
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APPENDIX  X. 

REPORT   ON   RANGE  FINDERS. 
C«pL  Tr  H.  Pbhtb,  Ordnance  Department. 

(Six  plates.) 

FIELD  RANGE-FINDER— WATKINS. 

Plate  I. 
1.  De8criptwn  of  iiatrumeKt. 

1.  The  instrnment  is  double  reflecting,  on  the  priuciple  of  the  ordin- 
ary sextant,  but  is  so  constructed  that  the  near  object  is  seen  by  reflec- 
tion and  the  distant  one  by  direct  vision,  thus  rendering  it  easier  and 
([uicker  to  use,  more  particularly  in  hazy  weather. 

3.  There  are  two  patterns  in  the  service,  differing  only  in  size  and 
weight ;  that  for  the  artillery  being  10  inches  long,  3^  inches  wide,  and 
1^  inches  deep,  and  weighing  with  its  case  about  5  pounds.  That  for 
the  infantry,  b\  inches  long,  2^  inches  wide,  and  1^  inches  deep,  and 
weighing  about  1^  pounds. 

This  instrument  consists  of  a  brass  rectangular  box,  carried,  when  not 
in  use,  in  a  leather  case  slung  over  the  shoulder  like  an  ordinary  fleld- 
Klass.  When  in  nse  half  of  the  cover  is  thrown  bach,  thus  exposing  the 
right  half  of  the  instrument.  Plata  I,  accompanying,  shows  the  instni- 
ment,  side  elevation,  cover  half  open;  end  elevation,  cover  half  open; 
iind  plan,  cover  removed.  In  the  cover  is  carried  a  key  for  adjusting; 
iiud  in  the  artillery  pattern  a  small  t«lescope  for  use  in  taking  long 
ranges.  There  are  two  eyeholes,  V  and  R,  fitted  in  the  larger  pattern 
with  movable  slides,  so  that  the  instrument  can  be  used  with  or  without 
the  telescope ;  the  arrows  indicate  the  direction  in  which  the  observa- 
tion 18  taken. 

3.  On  a  brass  arm,  F  G,  pivoting  at  N,  is  fixed  a  mirror,  N,  similar 
to  the  index-glass  of  an  ordinary  sextant.  Another  glass,  O,  corres- 
landing  witli  the  horizon-glass  of  a  sextant,  is  secured  to  a  shorter 
metal  arm,  H  I,  capable  of  revolving  ronnd  a  pivot  at  H,  and  fitted  at 
I  with  a  steel  screw.  This  arm  plays  between  two  steel  blocks,  K  and 
L,  so  placed  as  to  allow  of  a  transverse  of  45°,  and  is  moved  by  the  rack 
Q,  actuated  by  the  knob  P. 

By  this  arrangement  the  position  of  the  screw  I  can  be  attached  rela- 
tively t«  the  arm  H  I  without  disturbing  the  total  angular  traverse  of 
the  mirror  O,  which  remains  constant  at  45°.  If  then  the  arm  H  1  bo 
locked  iu  position,  so  that  the  screw  I  bears  against  the  block  L,  by 
«crewing  or  unscrewing  I  the  mirror  O  can  be  adjusted  parallel  to  the 
index-glass  N,  An  optically  true  right  angle  will  then  be  secured  by 
traversing  the  arm  until  the  screw  I  presses  agaiust  the  Ijlock  K.  By 
this  arrangement  the  instrument  can  be.  tested,  and  by  using  the  key, 
carried  in  the  cover,  adjusted  in  a  few  moments. 

4.  The  edge  F  G  is  fitted  with  a  steel  plate,  against  which  bears  a 
steel  projection  on  the  sliding  collar  E.  This  collar  slides  on  a  brass 
arm,  C  D,  pivoted  at  C,  and  graduated  with  a  scale  of  yards  represent- 
ing the  different  lengths  of  base  with  which  the  instrument  can  be  used. 

5.  At  the  extremity  of  G  D  ia  a  steel  block,  D,  against  which  the  screw 
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B  bears.  This  screw  is  rigidly  fixed  to  a  metal  Cylinder,  A,  on  whicli  is 
engraved  a  scale  of  ranges.  When  the  screw  B  is  turned  the  arm  C  D 
is  moved  on  its  pivot  C,  and  the  sliding  collar  E,  bearing  against  tlie 
arm  F  G,  causen  it  to  move  on  its  pivot  at  K,  thus  altering  the  angle  of 
iocliDatioD  of  the  mirror  X.  The  amount  of  motion  of  the  screw  B  to 
give  a  deftnite  movement  to  the  mirror  N  depends  on  the  position  of  the 
sliding  collar  E  on  the  arm  C  D ;  consequently,  by  setting  this  collar  to 
the  proper  graduation  for  the  base  used,  the  one  scale  of  yards  engraved 
on  the  cylindej*  A  will  give  the  range  within  the  limits  of  the  gradua- 
tions witboat  any  calculation  whatever. 

6.  The  flttinga  supplied  for  use  with  the  instrument  are: 
(a.)  A  wire  cord,  18  feet  long,  in  a  leather  case. 

(b.)  A  steel  tape,  in  case,  for  occasionally  testing  the  cord. 
jc.)  Three  steel  pickets,  fitted  with  leather  disks  to  render  them  eou- 
spicuous.    These  are  carried  in  leather  buckets. 
(d.)  For  mounted  men  two  knee-halters. 

7.  Two  men  are  generally  employed  as  range-finders,  though,  if  neces- 
sary, the  service  can  be  performed  by  one  only. 

No.  1  carries  the  instniment  slung  over  his  shoulder  like  a  fleld-glass, 
one  picket  {when  mounted  strapped  to  the  saddle  on  the  off  side),  steel 
tape  in  case,  and  knee-halter  (if  mounted).  "So.  2  carries  wire  cord  in 
case,  two  pickets  (when  mounted  atrapi>ed  to  the  saddle  on  the  off  side), 
and  knee-halter. 

n. — Manipulation  of  the  instrument. 

1.  The  instrument,  whea  in  use,  is  most  conveniently  held  horizontally 
in  the  left  band,  baek  under,  thumb  to  the  left.  It  will  be  seen  that  tbe 
eye-boles  (B  V )  are  bored  obliquely,  and  they  should  be  so  looked  throtigli, 
as  shown  by  arrows  in  the  plate.  The  numbers  on  the  cylinder  reatl 
from  right  to  lefL  When  using  it  to  ascertain  the  length  of  the  base 
A  C  (Fig.  3),  which  is,  under  ordinary  circumstances,  frum  GO  to  12<l 
yards  in  length,  the  arrow-head  can  only  point  somewhere  between  the 
600  and  12  (that  is,  1,200).  These  numbers  correspond  respectively  witli 
tbe  6  and  12  on  the  scale  of  bases  0  D  on  the  plate.  If,  for  example, 
the  arrow-head  on  the  cylinder  points  as  in  Fig.  1,  it  would  read  lOlJ. 
and  wonld  be  transferred  and  set  on  the  scale  of  basis  as  shown  iu 
Fig.  2. 


{Fla.  3.) 

2.  In  reading  the  range  on  the  cylinder,  the  numbers  from  500  to  9W 
give  the  actual  range  in  yanls, -while  those  from  10  to  50,  that  is,  for  the 
remainder  of  the  scale,  express  hundreds  of  yards.  Thus  the  arrow- 
head pointing  to  850  would  indicate  a  range  of  850  yards,  and  when 
pointing  to  23  would  indicate  a  range  of  2,300  yards. 

3.  As  yo.  2  does  not  necessarily  know  what  object  No.  1  is  taking,  he. 
in  the  first  instance,  plants  only  the  picket  A  and  unrolls  his  measuriiifr 
cord.    As  soon  as  he  sees  No.  1  nearly  in  position  he  turns  the  top  of 
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the  picket  A  until  one  of  the  cross  lines  cut  on  it  points  to  No.  1,  and 
runs  the  cord  out  in  tlie  direction  of  the  other  line,  thus  making  GAB 
roughly  a  right  angle. 

When  No.  1  takes  the  range  by  himself  he  lines  the  picket  B  slightly 
to  the  right  of  the  object,  the  shorter  the  range  the  more  to  the  right. 
A  good  nile  is  to  ran  the  tape  out  in  line  with  the  object,  and  for  a 
range  of  1,000  yards  plant  the  picket  B  a  full  pace  to  the  left.  For  other 
raugea  the  distance  slioulil  be  varied  on  the  principle  above  described. 

It  is  important  that  exactly  the  same  point  of  the  object  (house,  trees, 
&c)  should  be  observed  from  both  ends  of  the  base,  and  to  insure  this 
the  observer  should  ascertain  what  portion  of  the  object  is  'visible  &oui 
A  (Fig.  3)  before  moving  off  to  C. 

III. — Adjusting  the  instrument. 

The  iustrtiment  will  seldom  requu«  a^^nstment,  but  it  should  inva- 
riably be  tested  beforu  commencing  a  day's  work,  and  correcttsd  if  neces- 
sary. 

1.  Open  the  lid  by  pressing  the  spring  9,  aud  see  that  the  brass  cylin- 
der is  screwed  up  as  far  as  it  will  go,  thus  setting  the  instrument  to  zero. 
Press  the  sliding  collar  E  batsk  to  the  stop,  that  te,  to  6  on  the  scale,  aud 
move  the  arm  I  until  the  screw  I  presses  against  the  steel  block  L. 
When  in  proi)er  adjustment  the  mirrors  O  aud  N  are  now  parallel,  and 
by  looking  through  the  eye-hole  V  at  anj'  sharply  defined  vertical  liue^ 
such  as  a  pole,  side  of  a  honse,  &c.,  some  distance  off  (a  picket  planted 
about  200  yards  off  can  be  used),  two  images  will  be  seen  exactly  over 
one  another,  one  by  direct  vision  through  the  plain  part  of  the  glass  O, 
the  other  by  reflection  in  the  silvered  part  below.  If  these  two  images 
do  not  exactly  correspond  and  the  line  be  broken,  the  instrumen  t  requires 
adjustment. 

2.  To  atljust  the  instrament,  unscrew  the  key,  apply  it  to  the  square 
shoulder  of  the  screw  I,  and  turn  uutil  the  two  images  are  in  line.  Move 
the  arm  H I  backward  and  forward  several  times,  replace  it  against  the 
block  L,  and  see  that  the  a(^nstmeut  has  been  properly  effected. 

3.  The  length  of  the  wire  cord  should  be  occasionally  tested  by  means 
of  the  steel  tape  I 

IV. — TaJnng  the  range. 

Case  I.  Where  the  base  is  between  60  and  120 
yards.  Suppose  tbe  distance  from  A  to  O  (Fig.  3) 
to  be  required. 

At  "  Take  the  range,"  No.  2  plants  a  picket  with 
square  leather  bead  and  strut  at  A,  the  Hat  side  of 
bead  turned  to  tbe  left  and  the  strut  to  the  rear. 
No.  1  notices  what  portion  of  tbe  object  he  can  see 
&om  A,  goes  off  about  100  yards  to  the  left,*  at 
about  right  angles  to  A  O.  He  opens  the  instru- 
ment, pushes  tbe  arm  H  I  against  the  stop  K  (by 
moving  the  button  P),  turns  instrument  upside 
down,  and  looks  through  eyehole  H  at  object  O  (Fig. 
3)  tlirough   the  plain  part  of  the  horizon-glass  O.  c 

The  picket  A  will  appear  reflected  in  the  silvered 
part  of  the  glass;  should  it  appear  to  the  right  of 
the  object  he  must  retire;  if  to  the  left,  he  must 
advance,  until  the  picket  A  exactly  coincides  with 
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Home  well-defined  portion  of  tbe  object  He  then  plant«  the  picket  C 
between  his  toes,  and  should  verify  the  accuracy  of  the  observation  by 
resting  his  hand  on  the  top  of  the  picket  and  looking  tlirough  the  instni- 
ment  ngaiu ;  any  slight  error  can  then  he  rectified  by  forciug  the  head 
of  the  picket  to  or  from  him. 

Ko.  1  bus  thus  planted  the  picket  C  at  the  right  angle  between  0 
and  A ;  in  other  words,  O  C  A  is  a  right  angle. 

He  now  turns  the  box  right  side  up,  puahes  the  arm  II I  agunst  tbe 
stop  L  {by  means  of  the  button  P),  faces  A  with  C  exaetlj  between  bis 
toes,  and  looks  through  the  side  eye-hole  V,  iueliniug  the  left  end  of  tbe 
instrument  slightly  downward.  He  will  see  the  two  pickets,  A  and  E 
(which  Ko.  2  has  in  the  mean  time  planted),  through  the  plain  part  of 
the  glass  O,  and  their  reflection  iuimediately  below  them.  He  turns  the 
cylinder  to  the  left,  with  his  right  band,  until  he  makes  tbe  reflection  of 
the  round-headed  picket  exactly  coincide  with  the  square-headed  picket, 
and  thus  obtains  the  length  of  the  base  A  C,  which  he  reads  on  the 
cylinder.  He  sets  the  sliding  collar  E  to  the  same  number  on  tbe  brass 
scale  C  D. 

Meanwhile  No.  3,  as  soon  as  he  sees  Ho.  1  plant  his  picket  at  C,  lays 
one  of  the  cross  lines  engraved  on  the  head  of  the  picket  A  on  C,  hooks 
his  cord  to  A  and  stretches  it  to  the  rear  in  the  direction  given  by  the 
other  line  on  the  head  of  A,  thus  approximately  setting  ofl"  a  right 
angle,  A  C  B.  He  plants  B  at  the  fhll  extent  of  the  cord,  moves  ofl'  to 
C,  ready  to  bring  in  the  picket  as  soon  as  Xo.  1  has  completed  the  ob-  I 
serration,  unless  there  are  more  ranges  to  he  taken  from  the  same  spot.     I 

No.  1  moves  to  A,  places  himself  fiicing  O,  with  the  picket  exactly  j 
between  his  feet,  pushes  tbe  arm  H I  against  the  stop  K  as  Ix'fore,  looks 
through  tlie  end  eyehole  at  the  object  O,  which  he  will  see  through  the 
plain  part  of  the  glass  O,  the  reflection  of  the  picket  C  Iteing  seen  in 
the  lower,  or  silvered,  part.  He  tnma  the  cylinder  with  his  right  baud 
nntil  the  reflection  of  C  exactly  coincides  with  the  object,  and  reads  off 
the  rauge  opposite  the  arrow-head  on  the  cylinder. 

When  Nos.  1  and  2  are  mounted,  as  with  the  artillery',  the  knee-halters 
are  used  to  secure  the  horses  while  the  observations  are  being  taken. 

Case  II.  Wbeu  the  base  is  limited  to  under  GO  yards.  The  upeiation 
is  similar  to  Case  I,  with  these  exceptions: 

After  placing  the  picket  C  at  the  right  angle  between  A  and  O,  No.  1 
sets  the  sliding  collar  to  12,  before  making  the  pickets  A  and  B  coincide     i 
with  one  another,  by  turning  the  cylinder.    He  then  proceeds  as  before.     I 
The  true  range  is  half  that  Anally  read  on  the  cylinder. 

Case  III.  When  the  base  is  limited  to  over  120  yards.  This  operstiou 
is  similar  to  Case  I,  with  these  exceptions: 

The  subsidiary  base  A  B  is  made  ^6  feet  instead  of  18  feet  long  (by 
booking  tbe  cord  and  tape  together).    The  true  rauge  is  double  that    | 
shown  on  the  cylinder. 

N.  B.  If  the  range  is  under  500  yards,  proceed  as  in  Case  II.  Itotrr 
3,000  yanis,  as  in  Case  III. 

Y. — To  use  the  instrument  at  judgitigdiatance  drill  instead  of  a  atadiometer. 

This  will  be  found  the  best  way  of  getting  accustomed  to  the  nse  M 
tbe  instrument,  and  will,  moreover,  be  found  more  accurate  and  expedi- 
tious than  the  statliometer.  i 

The  length  of  the  base  thrown  out  being  40  yards,  set  tbe  sUdinj; 
collar  E  so  that  tbe  arrow-head  is  exactly  on  the  mark  8.  Press  the  arm 
H  I  against  the  block  L.    Reflect  the  flag  at  the  left  cud  of  the  throvm- 
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out  baae  on  to  tbe  flag  at  tlie  right  end  by  uuscrewiog  the  cylinder. 
Half  the  reading  ia  the  true  mage.  Thus,  if  the  index  pointed  to  1,010 
yards,  the  range  would  be  505. 

VI. — Care  of  tbe  instrument. 

As  before  stated,  the  instrument  is  not  liable  to  get  out  of  adjustment 
if  treated  veith  proper  care.  Ou  no  account  should  any  of  the  small 
.screws  be  takeu  out  or  meddled  with,  as  such  a  proceeding  is  liable  to 
throw  the  instrameut  permanently  out  of  ai^ustmeut  and  to  render  it 
worse  than  useless. 

The  mirrors  should  be  wiped  occasionally  with  a  piece  of  clean  chamois 
leather  or  soft  linen;  the  screw  and  all  steel  parts  should  be  kept  care- 
fully oiled  to  prevent  rust. 

Before  attempting  to  shut  down  the  cover,  see  that  tbe  cylinder  is 
screwed  as  far  as  it  will  go. 


Theory  of  the  instrument. 

The  conditions  required  for  solving  the  rantre  triangle  C  O  A  are 
tliat  we  should  know  the  baae  C  A  and  the  anple  C  O  A,  the  angle 
A  C  O  being  always  a  right  angle.    But  ina«mnch  as  _  _ 

we  are  unable  to  get  at  the  iioint  O  to  measure  the 
angle,  we  must  find  a  line,  A  D,  at  right  angles  to  A 
C,  and  measure  the  angle  D  A  (>,  which  is  equal  to 
the  angle  C  O  A.  This  is  done  by  taking  the  range 
with  the  instrument. 

When  the  cylinder  is  set  to  zero  (the  mirrors  being 
set  at  45°),  the  picket  C  will  be  seen  reflected  in  the 
direotion  U  at  right  angles  to  A  C.  On  the  cylinder 
being  revolved  the  image  moves  to  the  left,  and  is 
brought  to  coincide  with  tbe  object  O.  The  incUna- 
tion  of  the  mirrors  is  a  measure  of  the  angle  O  A  D;  ^^ 
but,  asexplained  in  the  description  of  the  instrument,  " 

the  position  of  tbe  sliding  collar  alters  inclination  of  the  mirrors,  and, 
being  set  to  the  base,  the  cylinder  gives  the  range  duo  to  that  base. 

fti  measuring  the  base  A  C,  a  small 
range  triangle,  similar  to  O  C  A  in  the  "'-  -  ^  I" 

lirevions  figures,  is  worked  out.    As  we  "  ~  ^ 

are,  however,  in  this  instance,  at  the 
station  0,  we  can  obtain  the  angle  A  C 
E,  which  A  B  subtends,  by  reflecting 
tliepieketBon  to  A.  If,  then,  the  slid- 
ing collar  be  placed  at  the  distance  A  B  on  the  base  scale,  the  cylinder 
will  mark  the  distance  A  ().  As  A  B  is  always  6  yards,  the  sliding  collar 
is,  for  this  oi>eration,  placed  at  the  mark  6,  representing  60  yards  in  the 
range  triangle.  The  results  obtained  are,  therefore,  ten  times  the  tme 
ones;  thus  the  same  scale  on  the  cylinder  does  for  both  bases  and  ranges ; 
if  only  in  the  former,  we  divide  by  ten.  It  is  advisable,  however,  always 
to  read  this  scale  as  for  ranges,  multiplying  the  base  scale  on  the  brass 
bar  by  ten,  so  as  to  avoid  confusion.  Thus  a  .base  of  100  yards  would 
be  reail  as  1,000  yards,  and  the  sliding  collar  set  at  10.  If  a  tape  of  10 
yards  be  as«i,  the  same  result  for  A  C  would  be  obtained  by  setting  the 
slidiog  collar  to  the  mark  10  before  reflecting  the  image  of  B  on  to  A. 
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Suppose  O  an  object  diBtant  1,000  yards,  A  G  a  base  of  120  yards, 
aDil  D  C  a  base  of  60  yards.    The  au^le  A  O  0  will  be  doable  the  &ug\e 
Q  DOC,  and,  generally,  if  A  C  =  re  D  C,  the  augle  A  O  C  =  » 

times  the  angle  DOC         • 

As  there  is  only  one  given  positioD  of  the  cylinder  and  screw 
for  any  given  rauge,  some  airangenient  had  to  be  devised  by 
which  the  inclination  of  the  mirrors  might  be  altered,  irre- 
spectivft  of  the  screw,  so  as  to  canse  them  to  assume  a  greater 
inclination  for  a  liu-ge  base  than  for  a  small  one. 

This  is  arrived  at  by  means  of  the  arm  C  D  (Plate  I),  with 
the  sliding  collar  E  bearing  against  the  arm  F  G.    As  these 
two  arms  pivot  at  Nand  G,  it  is  evident  that  the  farther  the 
slide  is  away  fh>in  G  the  greater  will  be  the  movement  of  the 
arm  F  G  (and  consequently  of  the  mirror  fixed  to  it)  for  any 
definite  movement  of  the  screw  B. 
The  principle  by  which  a  right  angle  is  obtained,  when  tlie 
'  lo.  o.      mirrors  are  inclined  at  45°  to  one  another,  will  be  found  in  any 
elementary  books  on  surveying  or  optics.    The  fiict  of  there  being  two 
eye-holes  does  not  affect  the  principle;  it  was  devised  in  order  to  reduce 
the  instrument  into  the  smallest  possible  limits. 
The  foregoing  description  was  furuiuhed  with  the  instrument. 

TESTS  IN  ENOLAJ-TD. 

This  instrument  was  tried  with  very  satisfactory  results  in  England  by 
the  committee  on  rauge-flnding  instrnments,  and  has  been  adopted  in 
that  country  for  field  purposes. 

In  the  English  tests  a  mean  of  22  observations  by  two  men  gave  2'  23" 
as  the  average  time  required  for  an  observation ;  the  time  varying  froui 
1'  50"  to  3'. 

The  mean  error  of  11  observations  taken  by  Captain  Watkins  himself 
was  10.7  yanls,  or  0.48  i>er  cent,  of  the  mean  rauge. 

EE8ULT8  AT  SANDY  HOOK. 

The  instrament  was  te8t«d  at  Sandy  Hook  June  19  and  Aagnst  22, 
1879,  with  the  following  results: 
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.  A  mean  of  the  seven  observations  taken  rapidly  by  the  same  two  men 
.  gave3'33"ai8the  averagetimereqiiiredtocalculateadistance.  Tbi8time 
exceeds  that  obtained  in  Englaud  by  1'  10",  but  thiB  is  undoubtedly  due 
to  the  &ct  that  the  obserA'atious  at  Sandy  Hook  were  taken  by  inex- 
perienced men,  who  probably  had  not  used  tlie  instrument  a  half  dozen 
times  previously.  Again^tiie  Sandy  Hook  observationa  were  taken 
over  a  very  uneven  sandy  beach  in  a  hot  glaring  nun.  It  was  found 
that  the  actual  time  occupied  in  getUBg  over  the  base-line  aloue  waa 
1'  10". 

CONCLUSIONS. 

It  will  be  observed,  in  conclusion,  that  the  instrument  has  really  three 
separate  operations  to  perform — first,  to  establish  a  right  angle,  then  to 
get  the  length  of  the  base-Uue,  and  Itnally,  after  returning  to  the  iuitial 
point,  tt>  get  the  range. 

The  length  of  time  necessary  to  get  an  observation  varies  with  the 
conditions  of  the  ground,  and  the  accuracy  of  the  observation  will  of 
course  depend  upon  the  skill  and  care  of  the  observer  as  well  as  the 
conditions  of  the  atmosphere.  The  advantages  of  this  instrument  are 
that  it  ia  light,  portable,  easilj-  worked,  and  can  be  tested  and  adjusted 
in  a  few  momenta  by  any  person  of  ordinarj-  intelligence.  It  indicates 
the  range  directly  without  caleulatiou ;  no  vernier  is  used — the  only 
graduation  being  the  simple  scales  of  the  length  of  base  and  ranges  in 
yards.  It  is  clieap  as  compared  with  other  rauge-flnders,  the  cost  being 
about  £7. 

One  man  can  take  an  observation,  but  for  convenience  and  rapidity 
two  men  are  preferred.  The  accuracy  of  the  instrument  for  all  ordinary 
artillery  distances,  say  up  to  3,000  yards,  is  very  satisfactory. 

It  has  the  drawback,  however,  of  necessitating  the  use  of  a  right  an- 
gle, but  this  disadvantage  is  greatly  reduced  by  the  fiicility  of  working 
wttli  different  lengths  of  ba^es,  the  ease  with  which  the  base  can  be 
changed,  and  the  fact  that  the  instrument  itself  is  used  as  an  optical 
square,  thus  doing  away  with  the  necessity  of  a  separate  instrument. 

It  is  believed  that  the  conditions  of  the  ground  and  atmosphere  for 
taking  accurate  observations  could  not  have  been  much  more  unfavor- 
able than  on  the  days  when  the  ranges  at  Sandy  Hook  were  taken. 


THE  BEHDAN   TELEMETER. 

Plate  n. 

Tranalaied  from  the  Revue  ^Artillerie  of  October,  1877. 

The  Berdan  range-finder,  already  tested -in  Germany  in  1875  and  1876, 
was  intended  to  have  been  submitted  this  year  by  the  commission  for 
experiments  with  artillery  to  some  new  tests.  The  attention  paid  this 
instrument  by  the  German  artillery,  as  well  as  the  notoriety  the  name 
of  its  inventor,  the  American  General  Berdan,  known  for  some  time  by 
his  small-arm  inventions,  possessed,  explains  sulllciently  the  reproduc- 
tion in  the  Revietc  of  the  following  description  taken  trom  the  Engineer. 
It  will  be  noticed  elsewhere  that  5ie  instrument  described  in  the  Engi- 
neer differs  in  several  points  from  the  one  tested  in  Prnssiaj  the  inventor 
having  produced  in  succession  many  improvements  of  which  the  Eng- 
lish renew  gives  no  details. — Editor  of  the  Review.  ..  . 
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It  is  proposed  n-ith  the  Berdan  range-finder,  as  with  the  majority}-  of 
instramentB  intended  for  the  same  use,  to  determine  the  side  of  a  right- 
angled  triangle  whose  baue  is  knowu  hy  measuring  the  angle  at  the 
apex. 

Lot  b  be  the  base.  One  can  measure  on  the  side  A  B  (Plate  II,  Fig. 
1),  a  certain  number  of  distances,  of  which  the  constant  differeoce  is  m, 
corresponding  in  range  to  anccetmre  notches  of  the  sight. 

If  A  B  =  c  is  the  smallest  distance,  the  following  resnlte:  c  +  t»,  c  +  2 

t» ,    and  the  greatest,  c  +  n  m.    Tlie  angles  at 

the  ai>ex  corresponding  are  given  by  their  tangents: 

tang.  B=* 

tang.'Bi=-  -f-- 

tang.B,=       \   . 


tang.  Bn  =       * 

One  is  able  to  measure  in  practice  these  different  angles  by  prolonginEr 
to  the  rear  of  the  point  0  the  hj'potheniise  of  each  triangle  as  far  as  the 
arc  of  a  circle  described  from  the  point  C  with  a  radius  (.  (Fig.  2.)  We 
obtain  in  this  way  the  points  0  .  I,  2  .  .  .  .  />  and  the  arcs  OD, 
II),  2D  —  hD,  or  X,  X],  Xj— Xn,  measuring  the  angles  B,  B|,  Bj  —  Bn, 

If  it  is  desired,  for  example,  to  measure  some  intantry  distances:* 

C  =    300  meters. 

m  =      oO  meters. 

c  +  n  m  =  1,600  meters. 

]f  we  take  A  =  2  meters  and  I  =  0.4™,  we  have: 

.  tang.  B  =  ^  =  0,00666,  B  =*=  22*  Tm" 
tang.  B„  =  TB^o  =  0.00125,  B^  =  4'  17" 
angle  (X  -  X„)  =  B  -  B„  =  1«'  38" 

Upon  a  circumference  whose  radius  is  1  this  angle  intercepts  an  arcof 
1118  X  0.000004848,f  which  is  0.00542;  for  a  radius  of  400  millimeter), 
X  -  X„  =  0.00542  X  400  =  2.Hi«"". 


*  Ou  tlie  HtippoBitiim  tlint  the  Arnij'  hiM  n  guD  n-hotte  ni^bt  is  ^[nutaati-d  from  5U  !■> 
^0  niPUTH  lietwopn  the  liinltH  iif  :U)0  anil  l.aou  metim,  and  ailmittinR  that  in  firing  *l 
ili3iiiui-<.-H  leiM  than  3U0  meters  the  4naximiiin  ordinate  of  the  trajectory  ia  siitHcicurly 
Hiiiall  to  do  Hwav  with  the  neceiwitr  fur  rucourw  to  uii  exurt  iiieHHure  of  the  diatstiec. 

t  U.0000()4&ld  iM,  in  decitnal  ports  of  the  radiuB,  the  value  of  the  arc  of  1". 
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These  arcs  are,  moreover,  sufficiently  small  to  enable  one  to  sabstitate 
f6r  their  lengths  those  of  their  tangents,  apd  to  form  the  following  table 
without  recourse  to  trigonometric^  tables: 


DlitBDcalnmttani. 

Tui 

g™u. 

a™.            I 

Ci«  +  «,....«  +  nB. 

Ung.B,B B^ 

X,X,,Xt....X^ 

L 

jrtUfm. 

MD 

OOOSOM 

2.807 

2.288 

MO 

( 

006000 

2.000 

450 
600 

MHOO 

1.800 

SM 

oiooseso 

1,»4 

•DO 

O.0OS333 

Lm 

0.003010 

1.230                  1 

TOO 

0.0028*7 

Ll« 

1.088                  1 

m 

o!  002500 

1.000              ' 

0.0OJJSS 

BOO 

0.002221 

{.SHIS 

>» 

0.M2                  1 

1,WM 

0.800 

l.tlH 

1,  IIW 

0. 001X18 

O.O0I7J9 

o!«>5              : 

l!200 

o.ouism 

0.S08 

1^300 

0.00153* 

oioos 

i.*m 

1.4M 

0.001MW 

o!562                     ' 

J.  500 

0.001333 

0.S38 

0.001290 

1,000 

0.001S!U 

o.m              ! 

One  sees  definitely  that  while  rapidly  measuring  the  area  X,  Xi,  Xj, 
the  corresponding  distAnce  will  be  at  the  same  time  determined. 

Among  instruments  already  known  a  great  number  measure,  in  the 
same  way,  angles  by  a  single  observation,  unfortunately  too  long  to  be 
pi'actically  possible  on  the  field  of  battle.  The  essential  conditions  are 
great  rapidity  and  accuracy  in  connection  with  the  graduatloD  of  the 
sight. 

The  range-finder  invented  by  General  Berdan  satisfies  these  conditionH 
by  reason  of  the  advantages  which  it  presents.  So  far  it  does  not  seem 
to  be  objected  to  in  Germany,  where  it  is  verj'  much  appreciated,  either 
by  its  net  .cost  (about  25,000  francs)  or  by  its  large  size,  which  it  owes 
in  part  to  its  two  telescojws,  astronomical  instruments  of  great  power, 
about  6  feet  long  (l^.sa),  and  provided  with  object-glasses  4  inches 
(O^.IO)  in  diameter.  Some  improvements  in  details  have  been  made  in 
it,  however,  which  have  not  so  far  been  made  public.  The  apparatus 
consists  essentially  of  two  telescopes,  connected  by  a  fixed  base,  one  of 
which  can  be  moved  without  altering  the  length  of  the  base.  Tliis  dis- 
plaeement  can  be  measured  by  a  micrometer  which  gives  immediately 
the  distance  on  the  scale  when  the  ijointing  of  the  second  telescope,  upon 
the  same  point  of  the  object  at  which  the  first  one  is  .directed,  is  com- 
pleted. The  micrometer  screw  which  produces  and  measures  the  dis- 
placement of  the  movable  telescope  has  a  movement  equal  to  the  total 
arc  X— Xn-  It  is  provided  with  a  large  head  or  drum,  the  circumfer- 
ence of  which  is  divided  in  n  parts  proportionately  to  the  arcs  X— Xi, 

X— Xi .  X„i— X„,    Each  division  corresi>onds,  therefore,  to 

one  of  the  distances  c,c+m,c+2m c  +nm. 

The  only  precaution  to  be  taken  is  to  give  to  the  head  of  the  screw  a 
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sufficiently  large  radins  that  the  division  of  the  scale  nearest  n— 1  and 
»  muy  be  sufllciently  distiuct  Fig.  3  is  a  plau  of  the  apparatos.  Fig, 
4  is  a  vertical  section  through  its  length ;  the  two  ends  of  the  cover  are 
tnmed  back  and  the  instrument  arranged  for  the  operation.  Fig.  5 
shows  the  box  closed  for  transportation.  Figs.  6,  7,  8,  9, 10,  and  II 
represent  on  a  larger  scale  the  princtiial  parte  of  the  apparatus.  These, 
of  which  it  is  proper  to  first  speak,  are  the  two  telescoites  A  and  B,  of  a 
construction  as  perfect  as  possible  for  an  optical  instrument ;  the  right 
one,  B,  remaining  fixed  during  the  operation,  while  the  other,  A,  can  be 
turned  horizontally  around  pivots  Oi  as  placed  at  the  forward  part. 

The  two  telescopes  are  connected  by  a  rigid  system  of  stems  or  tubes, 
0'  C ;  one  bar  or  tube,  L,  having  a  iiarabolic  profile  and  a  sectiun  in 
the  form  of  a  cross,  by  two  cross-pieces,/*?,  and  four  collars,  bed c 
The  horizontal  bar  C,  which  serves  as  the  axis  of  rotation  of  the  system 
of  the  two  telescopes,  is  supported  by  two  sleeves,  D  and  E,  and  secured 
by  the  collars,  which  prevent  the  displacement  of  the  whole  in  the  direc- 
tion of  its  length.  The  sleeve  D,  in  which  the  left  end  of  the  axis  C  is 
able  to  turn  horizontally,  can  itself  turn  on  the  vertical  pivot  h  (Fig.  6). 
It  is  thus  that  this  pivot  serves  to  center  the  displacement  of  the  sleeve 
E  and  of  the  whole  system.  The  lower  part  of  the  supjwrt  of  the  sleeve 
E  is  guided  upon  the  portion  of  the  circumference  I  I,  describeil  aboat 
the  pivot  A  as  a  center;  it  rests  on  the  arc  1  I,  throngh  three  small 
rollers,  2  2  (Figs.  9  and  11),  and  can  be  secured  there  by  means  of  the 
pressure-screw  Z,  To  this  part  of  the  support  is  secured  a  screw,  L 
(Fig.  9),  turning  in  a  screw-nut,  k,  and  acting  ui>ou  the  upper  movable 
part  of  the  support  H,  against  the  lower  part  of  which  the  screw-not  i 
is  supported.  The  upper  part  of  the  support  H  is  sustained  fit>m  tlie 
opposite  side  by  the  head  N  of  the  spiral  spring  Bt,  contained  in  the 
inutf  M ;  two  rollers  facilitate  the  movement,  and  the  accurate  pointing 
of  the  telescope  B  is  thus  obtained.  The  latter  is  alrfe,  however,  to  turn 
around  a  horizontal  axis  placed  at  the  collar  d ;  this  displacement  is  regu- 
lated by  the  two  screws  K  connected  with  the  collar  c,  and  permits  tlie 
at^justmeut  of  the  horizontal  threads  of  the  two  telescopes. 

The  whole  system  has  thus  a  vertical  movement  oronud  the  axis  C 
C,  together  with  a  horizontal  movement  around  the  pivot  h.  The  two 
telescopes  A  and  B  are  thus  moved  at  tlie  same  time  and  to  the  samo 
extent  horizontally  and  vertically.  This  simultaneous  movement  is  uf 
great  importance,  as  much  so  for  rai)idity  and  exactness  of  the  obsena- 
ttons,  as  for  simplicity  of  construction  of  the  instrument. 

In  addition  to  this  the  telescope  A,  by  an  indei>endent  movement,  is 
able  to  turn  around  the  pivot  (ij  Ot  placed  at  itfi  forward  part.  Eacli 
telescope  has  an  eye-glass  moved  by  a  nu;k  and  pinion  for  large  uid 
small  distances.  The  principal  point  of  tlie  operation  is  to  direct  the 
vertical  thread  of  the  telescope  B  upon  some  part  of  the  fixed  object 
whose  distance  is  to  be  measured,  and  then  to  direct  the  vertical  thread 
of  A  exactly  upon  the  same  point. 

If  the  two  lines  of  sight  were  atljustcd  before  the  commencemeut  uf 
these  operations  so  as  to  intersect  exactly  at  the  shortest  distances,  tbr 
are  described  by  the  telescope  A  around  oi  a,  will  Indicate  the  distawv 
sought. 

The  measure  of  this  arc  can  be  given  by  a  differential  screw,  or  by  a 
simple  micrometer  screw,  as  shown  in  the  drawing.  The  spiral  spring 
Bi  (Fig.  7)  preserves  the  contact  of  a  steel  point,  fixed  to  the  telescope 
A,  against  a  steel  plate  which  terminates  the  micrometric  screw  S.  The 
latt«r  is  secured  to  the  cross-bar/,  but  in  such  a  way  as  to  permit  the 
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necessary  digplaceroent  in  order  to  adjust  tlie  inatrument  to  tlie  short- 
est distance. 

The  dimeosions  of  the  drum  T  correaxmnd  to  the  extremitiea  of  the 
arcs  X,  X.,  ,  ,  .  Xa,  and  cooseqaently  to  the  distances  to  be  measured ; 
an  index,  XT,  showing  immediately  in  each  case,  by  a  simple  reacting,  as 
soon  as  the  telescope  A  is  at  rest,  the  distance  sought.  Tlie  divisions 
run  from  50  to  50  meters,  as  those  of  the  sights  of  small  arms  and  of 
cannon.  The  instrument  can  bo  transported  by  two  men,  the  box  hav. 
ing  handles  like  a  hand-barrow,  or  it  can  be  placed  on  a  wagon  which 
can  be  attached  to  an  artillery  caisson. 

To  fix  it  in  position  it  is  sufficient  to  droi>  the  hinged  legs,  which  take 
an  obliqae  direction,  as  shown  in  Fig.  4.  The  two  ends  of  the  box, 
secured  by  the  hinges  x  x,  are  then  tumeil  back.  The  vertical  thread 
of  B  is  pointed  on  the  edge  of  an  object  placed  at  300  meters,  and  the 
telescope  A  adjusted  in  the  direction  of  the  same  point;  then  the  hor- 
izontal threads  are  made  to  correspond  by  moving  the  screw  it  on  the 
collar  e  (Figs.  9  and  10).  Thus  adjusted  the  apparatus  is  ready  for  ser\-- 
ice:  first,  the  teIescoi>e  B  is  pointed  npon  the  object  whose  distance  is 
to  be  measured,  then  the  telescope  A,  by  turning  the  micrometric  screw ; 
the  coincidence  obtained,  the  index  U  indicates  the  distance  songht. 
The  instrument  represents  a  base  of  2  meters;  it  measures  and  marks 
distances  Irom  300  meters  to  1,800  met«rs  to  about  25  meters,  and  up 
to  3,000  meters  to  50  meters,* 

The  dimensions  should  change  with  the  range  of  the  arms  with  which 
the  firing  is  made.  About  10  se^x)nds  is  necessary  to  arrange  the  in- 
strument on  the  field  of  battle.  The  measure  of  each  distance  requires 
from  10  to  15  seconds.  The  aiTangement  above  ilescribed  is  that  which 
gives  the  best  results;  this  can  be  varie*!,  however,  by  keeping  the 
micrometric  apparatus  in  the  condition  shown  above. 

The  following  systems  have  been  tried  to  measure  the  angle  described 
by  the  telescope  A  around  a^  «»:  1st.  A  circular  disk  provided  with  a 
screw,  each  turn  of  which  coiTeaponds  in  length  to  one  of  the  distances 
to  be  measured;  the  ends  will  form  a  Bi>iral;  the  disk  has  connected 
with  it  a  turning  dnun,  tlie  upper  face  of  which  is  graduated  horizon- 
tally. 2d.  An  eccentric  disk  acting  against  a  small  roller  attached  to 
the  telescope  A;  the  eccentricity  is  equal  to  the  largest  arc  described ; 
the  disk  is  graduated  upon  its  plane  face.  3d.  A  wedge  which  works 
between  a  small  roller  attached  to  the  telescope  A  and  a  fixed  slide-bar 
or  guide.  The  employment  of  the  wedge  has  given  measurements  suf- 
ficiently exact  and  easy. 

The  micrometer,  however,  repreaentetl  in  Figs.  6  and  7  appears 
preferable  as  easier  to  manage  without  danger  of  deranging  the  point- 
ing. Any  one  of  these  micrometric  arrangements  can  be  equally  well 
applied  to  a  telemeter  composed  of  two  telescopes  connected  in  a  fixed 
and  unchangeable  manner.  But  if  such  an  arrangement  be  adopted,  in 
pointing  the  second  telescope  the  first  one  is  carried  along  with  it,  in 
consequence  of  which  the  verification  ofthe  initial  direction  is  prevented. 

It  is  then  a  serious  inconvenience  which  is  avoided  in  the  instmmeut 
the  description  of  which  has  been  given. 

Extract  from  the  Engineer,  bv 

P.  DOMBBE, 
Captain  ofArttUery, 

*  Receut  improvemeutB  permit,  it  is  said,  the  meiuuriug  of  iliHtJUicea  ae  higli  oa  6,000 
motem,  the  error  in  estimating  oommitted  being  loM  than  the  average  error  ia  rouge 
of  artillery  now  in  usa. 
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EXPEHIMENTS  IN  PRUSSIA  WITH  THE  BERDAN  TELEMETER. 
{Translated  from  the  Eevue  d'Artillene  of  April,  1878.) 

This  telemeter  was  described  in  the  October  nuiuber  of  1877  of  the 
Revue  d'Artillerie,  from  aa  article  iu  the  Engineer. 

The  model  tested  in  Prussia  is  a  little  different  from  the  one  pre- 
viously described,  bat  the  geometrical  priuciplesand  Ite  general  arrauge- 
ments  are  the  same. 

The  instrument  consists  externally  of  a  movable  box  4  meters  long, 
1">^2  wide,  and  about  ©".SO  high,  wliicli  ia  transported  on  another  boi 
mounted  on  four  wheels. 

From  experiments  made  at  Marieudorf,  near  Berlin,  on  the  8th  of 
March  last,  in  the  presence  of  delegates  and  military  attaches  of  high 
rank,  it  appears  that  the  rapidity  of  putting  in  position  and  measuring 
is  very  great,  since  the  whole  of  the  two  operations  only  required  &oiu 
10  to  2U  seconds;  in  spite  of  uu&vorable  weather  the  measuremenl» 
made  were  extremely  precise.  At  1,573  meters  there  was  no  difference 
between  the  exact  and  the  iustrumeut  measurements;  at  2,194  meters 
there  waa  only  an  error  of  1  meter. 

Later  experiments,  made  on  the  19th  of  Marcb,  had  for  their  object  the 
proving  of  the  solidity  of  the  instrument  and  the  measurement  of  the 
distances  of  moving  objects.  An  object  at  1,640  meters  was  chosen,  and 
the  instrument  with  four  horses  attached  was  made  to  cross  a  trencli 
four  times.  The  telemeter  stood  the  test  perfectly,  because,  as  proving 
it,  in  spite  of  these  shocks  it  measured  a  distance  of  1,C40  to  1,641  meters. 
Different  persons  then  measured  the  distance  to  a  mounted  officer  wbu 
was  manceuvring  a  company ;  the  instrument  gave  &om  1,550  to  l,5fii) 
meters.  Afterward  the  distance  at  which  the  men  were  was  taken,  and 
the  instrument  indicated  from  1,570  to  1,580  meters. 

{Allffoneine  Militar  Zettung  et  National  2!eitung.) 


THE  IMPROVED  TELEMETER,  BERDAK. 

{Tranalatedfrom  the  Rewe  d'Artillerie  o/May,lSlQ.) 

Plate  III. 

Germany —  Telemeter — Berdan, 

General  Berdan  has  recently  modifle<l  his  telemeter  for  garrison  ami 
sea-coast  service,  and  eonstnicted  a  new  model  intended  for  field  and 
mountain  artillery, 

This  last  instrument  is  constructed  upon  the  same  optical  principle  ns 
that  which  was  applied  in  the  telemeter  of  great  range.  The  inventor 
rightly  thonght  that  his  first  telemeter  was  too  heavy  for  field  and 
mountain  batteries,  and  endeavored  to  make  this  instrument  lighter, 
more  easily  handled,  and  cheaijer.  The  telemeter  represented  in  (Plntf 
III)  Figure  1  is  the  old  instrument  modified ;  it  is  called  Ko.  0  in  the 
series  of  General  Bordan's  essays.  In  this  model  the  box  can  be  turno<l 
in  all  directions  independently  of  the  wagon. 

The  instrument  has  a  fixed  base  of  4  meters;  two  telescopes  of  l^-oO, 
with  object-glasses  SO""  in  diameter,  and  a  reckoner  which  indicates 
directly  distances  up  to  10,000  meters.    The  author  asserts  that  it  only 
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takes  30  aeconds  on  an  average  to  estimate  distances,  and  that  the  errors 
of  obaerratiOD  are  less,  even  for  movable  objects,  than  the  average  error 
Iq  range  reBuIting  from  the  precision  of  Are  of  artillery. 

This  instrument,  although  more  powerful  than  the  one  described  pre- 
viously [Revue  d!ArtiUerie  of  October,  1877),  and  more  easily  handled, 
in  consequence  of  the  rapidity  with  which  the  first  tele8co]>e  can  be 
directed  upon  the  object  to  be  sighted,  is  still  too  cumbersome  for  service 
with  fleld-batteries,  and  should  be  reserved  for  garrison  and  aea-coaet 
batteries.  Telemeter  No.  7  (Plate  III,  Figures  2  and  3)  is  of  smaller 
dimensions ;  it  is  quite  portable.  Figure  2  represents  it  packed  up,  the 
box  and  the  instrument  on  one  side  of  the  horse  and  the  folding-stand 
balancing  them  on  the  other  side. 

In  Figure  3  the  instrument  is  in  position  ready  for  use.  It  has  a  base 
of  1".33;  the  telescopes  are  I^.IS  long,  and  the  reckoner  is  graduated 
up  to  6,000  meters.  For  transijortation  the  telescopes  are  packed  in  the 
direction  of  the  length  of  the  in.strument. 

The  power  of  this  telemeter  is  one-half  that  of  No.  6 ;  one  operation 
occupies  about  30  seconds.  The  weight  of  No.  7  is  only  70  kilometers 
(154  pounds),  while  that  of  Xo.  6  is  about  1,000  kilometers  (2,200  pounds). 
No.  7  is  therefore  suited  to  field  and  mountain  batteries,  as  well  as  for 
observation  on  shipboard. 

The  inventor  is  now  working  at  a  telemeter  for  infantry.  This  instru- 
ment (which  will  he  called  No.  8)  iriU  he  on  the  same  plan  as  No.  7,  bat 
smaller  and  Ughter.  It  can  be  carried  on  the  field  of  battle  by  means 
of  a  hand-barrow  by  the  pioneers  charged  with  the  observations. 

Q«neral  Berdan  thinks  that  the  very  high  price  of  his  instrument  * 
ought  not  to  be  considered  in  the  choice  of  a  telemeter,  in  consequence 
of  the  advantages  which  result  from  the  exact  determination  of  dis- 
tances. It  is  impossible,  in  his  opinion,  to  construct  a  practical  instru- 
ment smaller  and  cheaper,  for  he  thinks  it  absolutely  necessary  to  have 
a  Axed  base  and  a  reckoner;  now  the  fixed  base  being  always  tolerably 
small  (4  meters  at  the  m)st),  involves  necessarily  the  employment  of 
IH>wertul  telescopes. 


NOLAN'S  BANGE-FINDEE. 
Plates  rv,  V,  and  VI. 

The  principal  paits  of  Nolan's  range-finder  are — 

1.  Two  instruments  for  measuring  angles. 

2.  One  tape-line. 

3.  One  reckoning  cylinder. 

Each  of  the  two  instruments  consists  of  two  telescopes,  which  lie 
crosswise  one  above  the  other  under  an  angle  of  about  W ;  the  smaller 
of  the  two  has  a  long  arm,  with  a  vernier  at  one  end ;  to  the  other  a 
sector  is  fastened,  which  is  divided  up  into  degrees. 

liy  means  of  a  screw,  an  angle  of  about  20°  can  be  described  by  the 
upper  or  smaller  telescope. 

The  reckoning  cylinder  consists  of  a  solid  body  and  two  rotating 
rings.    The  lower  ring  and  the  lower  edge  of  the  body  are  divided  into 

•Telemeter  No.  6,  with  carnaKe 25,000 

Tfle meter  No.  6,  without  c&m age 20,000 

Telemeter  No.  7 5,000 

Telemeter  Ko.  8 3,750 

25  OBD 
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100  equal  porta.  On  tlie  upper  ring  are  the  logarithms  of  the  figures, 
and  on  the  upper  edge  of  the  body  are  the  logarithms  of  the  ugne,  from 
6"  up  to  2o  15'. 

To  find  the  range,  the  instmments  on  their  tripods  are  arranged  at 
the  end  of  the  assamed  base-line,  which  is  perpendicular  to  the  raage; 
or  the  instnimente  may  be  attached  to  the  right  and  left  guns  of  a  ml- 
tery.  The  long  telescopes  are  turned  toward  the  object  whose  distance 
ia  to  be  found  j  the  smaller  ones  upon  each  other,  and  the  cross-threads 
of  each  made  to  cover  the  cross-lines  on  the  leather  disk  through  which 
each  small  telescope  points.  The  coincidence  obtained  hy  directing  the 
longer  telescope  on  the  object,  the  two  angles  at  the  base  are  determined ; 
the  base-line  being  measured,  one  side  and  two  angles  of  the  triangle 
are  obtained.  With  this  data  recourse  is  then  had  to  the  reckoning 
cylinder.  The  arrow  marked  "band"  ia  set  on  the  figure  thatcorre- 
Bponds  with  the  distance  between  the  inatniments  or  base-line — say  34 
yards;  then  set  the  arrow  on  the  lower  nog  oii  the  figure  corresponduig 
with  the  angle  found  throagh  the  instrument — say  1S°;  tlien  find  tlie 
figure  for  the  namber  of  degrees  of  the  other  angle— say  42°  on  the 
lower  ling.  Just  above  that  is  the  figures  60  on  tiie  other  division  of 
the  lower  ring;  coinciding  with  this  on  the  lower  edge  of  the  apper  ring 
is.the  distance,  1,320  yards.  The  bases  used  are  iromSO  to  40  yards  for 
a  nmge  of  3,000  yards  and  over. 
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FIG.  2, 
TELEKTER  HO.  T. 


FI6.  S. 
TELEKTER  RO.  T. 
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APPENDIX  Y. 


Stxphe:!  T 

1.  P.  V,  Haxiier.  brevet  brIgMlier  geaenl.    CommaiidliiK  tbc  WalcrrUct  AraeiuJ. 

2.  T.  T.  8,  L*ldky.  brevet CommanillnEihp  WsMrtowo  AimmI. 

3.  J. G. Benton.'^  "  

1.  J.  McAllisler.brpvet  colonel ConirMndlDK  the  BenicU  Ar»«n»]. 

2.  8.  Crtapin,  brevet  colonel Coinin»ndlnB  the  Ordnuce  AgBnej:  Pretldent  or  the 

OnlDmnce  Bmrd,  aadConatraclATDf  Onlnonee- 

3.  T.G.Beylor,  brevet  calonel ComroUKliiig  the  Nev  Yock  Arwaal,  and  nuiuberof  the 

(frdnRnce  Board. 
4    J,  M.  WhllMiuore Commanding  (be  Frukfonl  Areend. 

1.  A.  R.  Bufflnglon,  brevet CammindlnK the  Allecfaeny  Areenal. 

2.  D.  W.  Flanler,  bvt,  Itenlenkat-calonol..   Comnumding  the  Rock  Iiland  Ai»n>]. 

3.  A.Uoidecai.  bnYetlleiilaiiaDtoiiloDol     lutmclor   uf  Oidiumce  and   Ounaerj,   V.  &  IflUtaT; 

t.  S.C.Lrfard.brevetlieutsunt-Eolonel..  On  duty  in  theofflrc  oribe  Chief  of  Ordnance. 

9.   F.  H.  Puker,  brevet Comnuniling  the  Atlantic  Powder  Depot. 

(I   J.P.Farley CommMnliDg  the  Kenneheo  Areenal. 

T.   Ii-S-Babbiit Conmiuilhig  the FoH  Uonroe  Arwinal. 

8.  IV.A.Uarve CommandlnK  the  AaEnntA  Anenal. 

9.  LAraold.jt    ComnHBaiDg  Ibe  Indliuiipolla  Amenai. 

10.  C.Comly ConimaniUnz  Ihe  San  Antonio  Areenal.   and  Chief  Oid- 

nance  OIHcf  r  Department  of  lexaa. 

tor  one  vsar  from  Mav  1,  Ifiie.) 
3.  J.  KMcGinneas.  brevet  n^or CommamW  Hie  SbIdC  Lonle  Powder  Depot. 

3.  G.  W.  MeKee,  brevet  nwjor Coinniendlng  the  tVaahlnglon  Aneual. 

4.  F.  H.  Pblppe,  brevet Reconlrrof  the  Ordnnnce  Board. 

5.  J.  W.Keillj,  brevet. ChiffOrdnaEee  OtHrer  MiliUiry  Dirtelon  of  the  Mieaonri. 

e.  J.  A.  Krcaa,  brei*et  rotfor Commandinj!  Ihe  Vancouver  Araonal,  and  Chief  Ordnance 

(HHcer  IlepartmeDt  of  the  Colnmblo. 

7.  O.  E.  Mlchaella,  brevet Chief  Ordnance  Officer  Department  of  Dakota. 

».   W.  Prince,  brevet Sick  leave  of  abience  for  one  year  from  June  5.  1979. 

8.  C,£.I>attaii Secretary  of  the  Public  Land  Commlgelan,  Depa^nent 

nf  the  Interior. 

10.  J.G\Bnller AeeiiiUlit,  Waten'liet  Araenal, 

11.  C.  Brvant Awialant  to  the  ConHtrnclor  of  Ordnance. 

n.  A.L,Vamey '  A»ei»Unt.  Watervlfet  Armnal. 

la.  J.C.Clifford Aaaiettuit,  Rook  leland  Areenal. 

14.  E.M.  Wright AMlelant.  Frankford  Araenal. 

15,  J.E.Greer Aeaiatant,  Xatlonal  Armory. 

1&  J.Pltman AneiBlanI,  Walertown  Arsenal. 

17.  C.Shaler Chief  Onlnance  Officer  Departmentof  the  South. 

18.  H.  Metcalfe Aaitlatant,  Fraakrord  Anenal,  and  Inapector  of  Contiaot 

Ammunition. 

19.  W.  B.  Starring Anbiiant  to  Ihe  Conalractor  of  Ordnanee. 

».   C.S.Smitb Aneistant.  Ordnance  Agency. 

1     S.E.Blaiit Acting  Auislant  Profeaaor  of  Uathematira,  and  Aaalat- 

ant  to  the  luatrnctflt  of  Ordnance  and  Gannerj,  D.  8. 
Uilitary  Academy. 

2.   F.Beath Aeaialant,  Rock  laland  Araenal. 

*Capt.  J.  H.  I{oUiD>.Dnaceouitor  illhealtb,  waived  promotion  to  the  grade  of  DU^or.  , 

.a*ogle 
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StaUmtKl  thowivg  «to(iont  and  dulia  of  ofioen  of  Ordnanct  Dqmrtmtnl,  fc. — Cootinaed. 


3.  D.U.  Taylor '  CblerOidnanca  Officer  Tteiurtiiieiit  at  the  Ulawiul  ud 

commuidiDff  the  Futt  LvTtnwarUi  Ordnuicfi  l>«pot- 

4.  D.A.  Lfla ^. '  Aulatub  Knioiwl  Armory,  and  meiDbfr  oC  tha  Boud  an 

I      l.lfe-MTlng  Appuvtat,  Ins.,  uudoT  Ihe  S«ere(uy  at  tbt 
I     Tnvmn. 

5.  J.Bocknell.  Jt '  Anistut  Itutructor  of  OrluiiM  ud  Onmwry,  MUltai]' 

I      Aoftdeny. 

a.  W'.B.Wcir !  CamBundlDg  the  Che  jrmw  Ordnu»  DeiMt. 

,vr« CommuilisS  the  Fort  Ahnbtm  Uniwlu  UidniBCe  D^iit. 

LTon '.  AuUMdI.  Benlclk  Arwoa' 


jr.. 
ix  C.  C.  Morriion 


. '  AwlatoDC  to  the  CoiutnicUn  nt  Ordnance. 


A.U.  RuHfU I  Anlaluit.  WatcrtowiL 

n  -._..  A»»l«t«nt,  IlBticni*]  ARDOrjr. 


Ttoclila 


AttiiUDt,  Rock  ItUnd  Araaul. 

Anting  AwdtUst  ProfeMur  at  the  Fr«Dch  Luxnius  *i><i 

EniTlah  Studl«. 
AjsiiHuil,  Frankfard  Anenftl, 


(A'ol  in  Iht  lint  iif  yrataotion. ) 

£.  InfrenoU,  mi^ar .1  On  dot;,  NatlDoal  ATmary. 

■W.  E.  Shoemaker,  oaptain .' I  In  charm,  Fort  Union  Arawial. 

B.  H.  Utllireth,  capiat  I  On  alck  lt«Te  of  abaence. 

S,  D.  EUairorth.  captsin I  On  alok  leave  of  aheence. 

W.Adam*.  capUiD '  Ondnt;.  Fort  Monioe  ArtmaL 

A.  S.  M.  Voinn,  captain !  On  dotj,  Allegheny  Ananol. 

W.  H,  IteifoS,  rapftlu |  On  temporary  doty,  Benlela  AtmuL 


F.  Whjte,  oaptalu '  On  dnty,  Waahinrton  Araenal. 

S.J.  YounK,  captain I  Ondntv.  Watetrflet  AtwuO. 

ILJ.arwllab,  captain On datyMoKual* Anand. 
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Apportionment  : 

to  the  States  and  Territories  of  ordnance  and  ordnance  stores,  iLc,  tinder 
sections  1661  and  1667  Revised  Statute*  U.  8 SI 

Ammunition  : 
Small-am : 

statement  of  ixsucs  to  tlic  military  eetablisltment SI 

militia M 

Fitld: 

statement  of  isanes  to  the  military  cstablishmeDt 33,34 

militia &t 

Armament  op  fortifications; 

the  urgency  of  liberal  appropriations  for ' 

pnqpvss  during  the  year  of  the  alteration  of  oaaemato-caniages  fbr  S-inch 

conrertAd  guns ' 

progress  of.  conversion  of  15-inch  8.  B.  into  11-inrh  rifl<?H ^ 

the  use  of  B.  L.  rifles  in  casern  a  ted  works  a  mere  matter  of  time ^ 

plans  for  conversion  of  onr  present  guns  into  B.  L.  rifles  in  band "^ 

progress  during  the  year  with  chambered  rifles,  (B.  L.),  field  rille,  powder 
t^sts,  exi>erimental  and  machine  gnus '^ 

Arms,  Indian  ; 

reports  on:  (5cr  Indian  arms) 303 

Arms  and  munitionh  op  vah: 

tji  what  organizations  furuishcd  bosides  the  Regular  Army  and  militia 3 

the  law  authorizing  issne  to  coneges  should  be  modified.... II 

iaened  to  States  in  1061  to  1^65  on  their  quotas,  and  sold  through  wrong 

interpretation  of  law,  shonld  not  be  uharjced  to  them  in  full . IJ 

small-armH  man ufartnred  during  the  year lo 

Indian  arms  received  from  the  field,  the  report  on IS,  19 

Army  rkvolvers: 

rc)>ort  on  tr^ectorie«  nf :  (S««  Trajectories) 2h 

Absbnals,  Armories,  anb  Dkpots: 

reaaons  why  the  emonnte  askwl  for  should  l>e  grunted 4.5 

Beniria  arsenal,  the  wants  of 5,fi 

Ruck  Island  arsenal,  progre.iM  of  bnildiugs . .         " 

Hnn  Antonio,  estimate  for  purchase  of  a<1joining  land  renewed <> 

Artesian  Well; 

at  Bcnii'ia  arsenal,  present  and  estimated  additional  depth  of i ......         S 

progress,  ruiiovt  on.  bv  Lient.  Col.  J.  McAllister 31^ 

Baylor,  Lieut.  Col.  T.  G.: 

meiiilicr  of  the  Ordnance  Board,  report  on  gunpowder,  &c 91 


DAVONETB  AXD  IKTREyCHIKa  TOOLS to 

Barrels  yoR  ol'npowdbh; 

dimenBioDB  of HO 

marks  on ........ .... 117 

Barbels  for  nLiiB:  (See  SwoUen  barrels) 301 

Bektom,  Col.  J.  G. : 

on  swollen  giin-bairelB  .. ■ ••. 301 

Benicia  absenal: 

preseut  condition  of  the  artesian  well  at ...... 5 

want  of  better  maunfactnring  and  storing  facilities S 

progress  report  ou  the  artewan  well  for  fiscal  irear  1ST9 215 

Bebdan  TELEMETER;  (£m Telemeter) 379 

improved:  (Sm  Telemeter) 384 

BiRNiB,  Jr.,  Lieut.  K.  : 

report  oumultiball  cartridges  for  amall-anns 3S9 

report  ou  Merwio,  Hulbert  <L  Co.'s  muttiball  cartridges 367 

Board,  Eqi-ipment 18 

Ordnanct  reporti 91 

to  test  and  report  on  Wright's  mnltiball  cartridges 354 

report  onMerwin,  Hulbert  &  Co.'s  maltibaU  cartridges 367 

Bol'lenq£  crronograpb: 

for  proof  of  powder 115 

Brabs  Cartridqbs: 

action  of  sea- water  on,  report .. 907 

BrbaCh-loacino  rifles; 

advantages  of  tuinK  in  casemated  works. 8 

trial  of  a  wronght-iron  field-gun  converted  into  a  B.  L.  rifle 9 

BucKHOT  cartridge:  (SBrMultiballcnrtridst) 331 

Cannon,  rbvolvino:  (*e  Hotchkiss  revolving  cakiuou) 143 

Cannon  powders: 

report  on  experimental,  hy  Capt  C.  8.  Smith 85 

Casbjnes,  Springfield: 

manufoctuied  during  the  fear 15 

Cabriage; 

for  the  Hotchkiss  revolviog  cannon,  caliber  1.5  incb 148 

alteration  in  the  12-inch  ilde 75 

Flank  itferut: 

for  the  HotchkiM  revolving  cannon,  caliber  1.5  inch 163 

renmltsof  firing  at  Sand;  Hook 164 

record  nf  firing  at  Sandf  Hook,  April  9  to  16,  ISTK 1^,166,167 

CARTBIDOte ; 

paper,  issues  to  the  militarf  eetabUsbroent. 33 

metallic,  issnes  to  the  military  establiahment 33 

fur  field-guns,  issues  to  the  nuUtory  establishment ,. 33,34 

brass,  action  of  sea-water  on '. 267 

Mamhall: 

report  ou,  for  Gatling  gnu 197 

small-arms:  (5m  MnltibaU cartridges) 329 

the  trials  of 19 

Cavalry  FOROB:  (Sae  Laidley's  cavalry  forge) 295 

Cuambebed  oun  : 

progress  report  on  a  3.17-incb  M.L.  rifle 181 

carriage,  powder,  aud  projectiles  for ........  181 

resultsof  firing 181 

record  of  firing  at  Ssndj  Hook 183 

Ckambkred  kiflks: 

valuable  results  from  testing  a  3-inch 8 

CHRONOORAPIf,  BoliLONU^. : 

for  proof  of  powder .....  . .....................  115 

Clerica  l  forck  : 

inadequacy  of 30 

reasons  for  its  restoration  in  number  and  grade  to  that  of  the  fiscal  year 

1876 «0 

Colleges  : 

the  taw  relating  to  the  issue  of  arms,  &c.,  calls  for  modifications 14 

when  to  be  provided  with  an  ofllcer  of  the  Regular  Army  and  anna,  d.c., 

should  be  specially  designated  by  the  legislature  of  the  State  lnterest«d-  14 

issues  of  arms,  &c.,  during  the  fiscal  year  \S7^ 56 


Constructor  of  ordkakce: 

reporta 60 

Converted  guns: 

Il-iocA— conBtTDOtiou  of  11-inch  M.  L.from  15-iDcb8.  B 61 

deacription  Mid  rifling  of 61 

Tenting . . .. . Gt 

detailBof  fabrication 63, 63, 01 

inspection 61 

principal  dimenaicHia  and  weighta  before  and  after  courenion 64,t!S 

Z-ineK — cooatractioD  of  a  3-inoti  B.  L.  rifle 67 

the  object  of  ooDveraon  to  detennine  tbe  proper  charge  for  this  caliber. .  67 

deBcription 67 

nftitiK,  chaniberinji,  and  venting 68 

detaib  of  fabrication 69 

principal  dimensionB  and  Treight • 69 

S.l&titcJk^ — construction  of  a  3.  if  inch  H.  L.  rifle,  diatK^ertd 71 

the  object  of  constmction 71 

description  of  gan,  riding,  and  venting 71,72 

details  of  fabncation '    73 

principal  dimensions  and  weight . . ... . 72 

4.&-IIICV— deecription  and  design  of  the  steel  parts  reanired  for  Uie  couTer- 

»ion  of  al^inch  M.  L.  rifle  int«)  a  B.  L.  onamberea  rifle 8£ 

COXVBHTKD  ouvs: 

3.17-incA — constmction  of  a  3.17-inch  H.  L.  rifle,  rapid  beitl .  73 

object  of  coDstmction  and  description  of  gun 73 

original  and  altered  rifling  compared 73 

fabrication,  details,  and  inspection  .. 73 

ll-iHch — progress  report  on  11-inch  H.  L.  rifle,  converted  from  a  l&-iiicti 

8.  B.  gun 133 

record  of  firing  at  Sandy  Hook,  Angost  1  to  October  7,  1S79 ltd 

progresB  report,  on  3.5-inch,  giving  summary  of  results 141 

tabut  of  enlargements  of  bore,  before  and  after  firing ...... .. 142 

Davib,  Mr.:  (£e«  Life-saving  gnna) .,,,  STi 

Densimetbr,  mercory :  (&c  Mercury  deDsimeter) Ill 

EXECDTITX  Dbpaktmentb  : 

iaBoes  of  ormi,  du:.,  to,  during  the  fiscal  year  1879 S3 

EQInPHENT  BOARD : 

on  bayonet  and  intrenching- tools IS 

Expenditures  : 

of  the  Ordnance  Departmant  for  flacalyear  1979: 3 

EXPEBIMENTAI.  OUNB : 

those  de«gnat«d  for  trial 9,10 

by  conversion:  (Sm Converted  guns) 

EXPRRIMBNTAL  CANNON  POWDERS: 

report  by  Capt.  C.  8.  Smith 85 

hexagonal ...... ......... .. . ......  Kt,8S 

sphero-hexagonal ...... ...... . . ......  86,S7 

square ■ SI 

Bchoghicoke  polyhedral ...... .......... ........... ...... ..........  8@ 

HaEiud's  cubical ......................................  # 

English  pebble 88,89 

progressive . 99 

ponders  for  4.5-inch  siege  rifle 69,90 

powders  for  3-inch  and  3.5-inch  field  rifles 90 

Experiments  : 

report  on,  with  small  arms IBS 

space  between  bullet  and  powder  charge... 363 

velocities 263 

nccuracy  at  300  and  500  yards 96i 

effect  of  rapid  coutinned  firing .- 361 

■     rifle  sights  and  powder .............. S65,!6fi 

Fabrications: 

at  tbe  arsenals  '^nring  tbe  flsca)  year  1879 ,.... ^ 

Flaoler,  M^,  B.  W.: 

report  of  principal  operations  at  Rock  lalaod  arsenal  for  the  fiscal  year  WT9.  301 

Field  range  finder,  (Watkins):  (5m Bange  finder).... 373 

Flank  defense  carriaor  : 

for  Hotchkiss levolving cannon,  caliber  1.5  inches.. ....... ..........  I^ 
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P»go. 

Fortifications; 

better  annameat  urged.. 6 

Oab-checks  : 

for  B.  L.  rifles,  both  steel  and  copper  nsed  in  expeiimeuta  nith  the  8-iuch 

B.  h.  rifle T« 

mode  of  coustmction  of  on  8-mcli  of  steel  and  copper  combined.,,... .,,  74 

Gatuho  oun,  caliber  .45  (English  model :) 

repori)  on,  with  uew  pointing  apparatus. .■ . . . 190 

record  of  firing  at  Sandy  Hook,  September  25  to  27,  1979 .'..:  192 

reporii  on  pointing  apparatus  by  Capt.  JolmZ.  Greer... . 194 

report  on  multiball  cartridges  for ...... ,  197 

record  of  firing  with  Wright's  iQoltiball  cartridges .,.,...... 197-200 

Gkber,  Capt.  John  E. 

report  on  new  pointing  apparatus  for  Oatling  gnn  (English  model),  cali- 
ber ,45 194 

report  on  trsjectories  of  Aniw  revolveiB . .. 257 

report  on  trajectories  of  the  Springfield  and  Peabody-Martini  rifles 261 

reporii  on  eiperimenta  with  small  aims . 2(i3 

report  on  action  of  sea-water  on  brass  cartridges . 267 

report  onswollen  (small  arm)  barrels ■  . ... 301,302 

report  on  Indian  arms 303 

report  on  multibaU  oartridgea  for  small  arms . . ... . 329 

report  on  multiball  cartridges  for  service  revolvers . . . 34S 

report  on  Merwin,  Hulbert  &  Co. 's  multiball  cartridges 3C7 

Guns:  (fiwConveriedguus,  Rifles,  and  Reports  and  Oatling  guns. ) 

OtJM  COTTOK ; 

mauufactore  of 130-133 

OUNBARREU;  (.See  Swollen  barrels.) 301 

Gunpowder  for  canxox  :  (See  Experimental  cannon  powders) 85 

for  4.5-iiirA  rifie:  progress  report  of  Ordnance  Board '. 135 

record  of  experiments  made  to  ascertain  proper  kind  and  charge  for  the 

4.5-inch  rifle 130 

for  S-Jnoh  rijie:  results  obtained  with  experimental  and  other  powders  from 

8-ineh  riflea 139 

GtmPOWDKR  r 

by  what  name  known  for  small  arms,  field  guns,  cannon  for  light  siege  guns, 

and  for  heavy  S.  C.  gans 93 

materials  of  ganpowder 93 

of  saltpeter  (an  ingredient) 93 

test  of  crude  saltpeter 9A 

of  charcoal  (an  ingredient) 96 

of  enlpbnr  (an  ingredient) .....I..... 95 

general  qaalities  of  and  Inspection  of  powder 110 

•iie  of  grain Ill 

gravimetric  densitj*  and  specific  gravity  of Ill 

process  of  determining  tne  specific  gravity  of  a  sample  of  large  grained 

powder 114-115 

determination  of  moistare  and  resistance 115 

analysis  of  gunpowder 116 

determination  of  the  charcoal 117 

niter 117 

salphoi 117 

proportion  of  ingredients  in  the  United  States  and  foreign  service 118 

resUiring  nnserviceable  powder ............  116 

preservation,  storage,  and  transportation 118 


Special  powdtn 123 

hexagonal 124 

prismatic  perforated  cake  powder 124 

pellet  powder  (how  made) 126 

pebble  powder  (how  made)..... 128 

Wiener  powder 130 

Italian  progressive  powder 130 

MaMnei  UMed  in  nanufiustiire  of 97 

the  charcoal  grinding  mill 97,98 

the  saltfieter  and  sulphur  grinding  apparatus-. . 98,99 

themixingmachine 99 

the  incorporating  mill 99,101 

the  breakjngdown  machine ; J02 


GUNFO  WDBR — Cont  i  D  lied. 

JfdciUnai  uted  in  maal^factm^e  of: 

the  hydraalic  prcMin^  upparatiiB 103 

the  KraiialatiU);  machme .' 104-IO(> 

the  dusting  reel* 106, lUT 
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the  drving  Htove 106,  lOV 

the  pellet  powder  macbiiie 1% 

the  pebble  ponder  machine « 1^ 

Paeking 109 

dimeusions  of  powder  liarreltt 110 

inftrkson  powder  bacreU IIT 

HOTCUKISS   MAGAZINE   RIFLES; 

number  nmnufaotuied  duriae  the  flscal  year  1879 Vi 

in  the  hauds  of  the  BeKular  Army  for  trial..  ... ..J la 

HOTCHKIBS  REVOLVINQ   CANVON  : 

fluik  defenae  carriage  for:  (&e  Carriage) 163 

HOTCHKiss  RBVOLi-iNQ  CAKNDK,  Caliber  1.5  inthaa 143 

the  general  Hjst^m 143 

principal  dimensioiiB  and  weights,  &,c.,  of  the  guu 14T 

the  amniDiiition .. I4i 

principal  dimeoBiona  and  weights,  &.c,,  of  the  ammuuitioti ...... 147 

the  shell : 14i 

weights  and  dimeuitions  of  shell  and  shot ...... ....... 14* 

theTuse 146 

the  cartridse  case ...... ..... ............ .........  UC 

weight  an cTdtmensioiis  of  tbe  cartridge  case .  Up 

the  charge  of  powder ......... ... .. 14r 

the  lubricator 14* 

the  carriage. - 14^ 

principal  dimensions  and  weisbt 
the  Umber  and  ommanition  ches 

resDltsofflring  at  Sandy  Hook 150 

at  SOO  yards 1» 

at  1,000  yatda IM 

ata,OOOjardB I'H 

gresaltsin  France  and  Brazil VH 

^  report  of  trial  by  f  ranch  Goveniuent  f  traoslatioit) 154 

Goveruinent  of  Brasil  (trannlation) 15'' 

record  of  firing  at  Sandy  Hook  in  1876  and  1ST7  and  results 1S9 

Hovember  1  to  December  5,  1878 I6i 

coDoliiaiona  of  board 161 

HOTCHKiss  REVOLVINO  CANKON  (light  field  model),  caliber  l.Sioches 173 

weighUaod  dimeusiouBOf  giiD,  shell,  and  cartridge  case 173 

charge  of  powder 173 

;bt  of  carriage 173 

Ita  of  firing 173 

ataoo,  500,  and  1,000  yards 174 

report  of  the  artillery  coiomission  of  the  Riusiaa  imperial  marine  (tranela- 

tion) 174 

target  rerord  of  firing  at  Sandy  Hook  May  e  to  9,  IB79 175 

HoTCHKise  rROJKCTiLEs: 

relative  destmctive  etfectsof 169 

triple-waU  shell ItB 

field  shell I» 

lesDlta  of  firing  at  Sandv  Hook Ifi' 

target  record  of  firing  at  Sandy  Hook  March  12  to  19,  1879 171,173 

NTRENCHINQ   TOOLS: 

Board  on 1- 


igbts  of  carriage 149 
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for  the  militia.......  ,.„..,,. .......... ......................        13 

by  Lieut.  J.  W.Pope,  Fifth  Infantry Kl 

!XD1AN  AKMs: 

report  nia«le  on  numl>er»Gut  iu  fr«ui  field 18,19 

byCapt.J.W.Beilly W 

by  Capt,6,K.MichBelis WS,333 


Indiax  arms  (captarMl) : 

k  few,  deacribod. 
veishU,  charge 
nitti  Springfleld 


nniEx  395 

303 

303 

weishU,  charge  of  powder,  length  of  battel,  and  -weight  of  ball,  compared 
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304 

rapidity  witb  Bocaracf — 304 

penetration 304 

velocities 305 

onerEiM 305 

tabntar  atatement  of  condition  of 307-317 

olasstHoation 318 

thesighta -■. 320 

Laidlky,  Col.  T.  T.  8. : 

text-book  on  rifle  firinR.. .  ■ ........................ ....  17 

report  on  Laidley  oavalrj  forge .................. .  395 

1.AIDLBY  CAVALRY  FORGB : 

by  Col.  T.  T.  S.  Laidley,  Ordnance  Department 396 

the  body 296 

forge 397 

boxM 29H 

iDBtrnctions  for uae .......... 399 

dimenaions  and  weighta 300 

LiFB-SAViNQ  Guua: 

report  on  the  manufacture  of......  ............ 270 

compOBition  of 370 

Mr.  Davis'H  suggeetiona  for  improving  character  of  caatingH .  273 

firoof 277 

napection 379 

flnnK  record  of  gun  No.  18  eubjected  to  extreme  proof 37B 

mechanical  testa  of  specimens  (tables) SSO-387 

Lyle-£hery  grapple-shot: 

report  on 391 

dimensions  and  weight ....... . . ....  293 

action  and  use    393,393 

IiYLK,  LiKUT.  D.  A. ; 

dencriptioD  of  the  Lyle-Emery  grapple-shot S91 

report  on  Indian  arms 303 

LiattTHiMa  conductors: 

for  powdi'r  magazinee 131 

Machine  guns: 

t«gtsfor  a  flank  defense  carriage 10 

Magazines: 

for  powder '   119 

Manufacturk  of  uke-savino  guns: 

report  on:  {See  Life-saving  guns) 370 

HcAllistkr,  LirL't.  Col.  J. : 

progresn  report  on  artesian  well  at  Benicia  arsenal,  Calfomia,  for  fiscal 

yearlWa 315 

Mbasurbment: 

of  powder  pressures  on  cannon  by  compressiou  of  oil 233 

MKRCURY   DKN6IHBTER: 

for  determining  Hpecific  gravity  of  gunpowder 111-114 

Mrrwin,  Hl'lbebt  &  Co.:  (S«  Multiball  cartridgCH): 

ronort  ou  their  ninltibftU  cartridKes 363 

ask  an  ofHcial  trial,  with  one  style  of  loading 365 

machine  for  testing  atreugth  of 18 

MiCHAKUS.  Cai>t.  O.  K.  : 

on  Indian  arms 332 

MiDVALE  STBKL  WORKS: 

report  on  character  of  plant  at,  and  capacity  of  works,  &c B2 

Military  bstablishhent: 

isanee  to,  during  the  fiscal  year  1879  (except  the  militia) 37 

MlUTU. 

issues  to,  during  the  fiscal  year  1879 63 

as  a  national  reserve  in  lieu  of  volunteers 14 

reasons  for  breaking  loose  from  the  theories  of  the  past  in  respect  to  the 
nation's  depeudence  in  years  of  trial 


tTobglS:' 


MiUTiA— Con  tinned. 

araiB  chargeil  to  Stat«»  on  iiiiotns  from  1831  to  1935  and  sold  tbtoagh  wrong 

interprotatiou  of  law  should  be  cre(lit«d  equitably llj 

jiowen  of  CongreM  in  relation  to,  under  the  Consti  tut  ion 10 

a  reoreanizAtiOQ  of,  the  growing  feeling 11 

a  yivT  diem  ntlowaQce  recommended  for  oauip  service  of 11 

the  principle  of  camp  service  should  be  eetobliahed  by  legal  ensctnieiit 11 

iusue  of  arms  and  eqniumentA  Bhonld  be  dependent  on  organization  and  dis- 
cipline   11 

Congress  should  provide  for  the  organizatioM  and  discipline  of  S00,000  mili- 
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the  annnal  appropriations  for  onns  and  equipments  estimate II 
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the  appropriation  for  annual  encampment IS 

the  present  laws  in  relation  t4>  the  militia  need  a  thorough  revi^on li 

should  be  armed  and  eiiuipjied  with  tbe  same  manltions  of  war  as  the  Regu- 
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annnal  inspection  of 13 

riQe  ranges,  and  suitable  prizes  for 13 

how  the  efBcieucy  of,  may  be  enhanced  throngh  a  military  edncation i:l 

Morrison,  Lieut.  C.  C.  : 

report  on  mnltiball  cartridges  for  small  arms 3i!!P 

MULTIBALL  CARTHIDGEB; 

reportfl  of  trials 19 

report  on,  for  Galling  gans 1tf7 

for  small  anns 3» 

lor  service  revolvers,  by  Capt.  £.  M.  Wright 341,3Si 

by  Capt.  JohnE.  Greer 345 

changes  necessary  in  Colt's  revolver  for  adaptation  to  this  cartridge 330 

report  of  aboard  to  test  AVright's  mnltiball  cartridges 354 

velocities 3M 

recoils ~. 35S 

penetration ....<, 3^ 

accuracy  with  muzzle  rest 356 

accuracy  in  firing,  moving 35C 


target  records 35ft-36£ 

lecordof  firing  (Wright's  mnltiball  cartridges)  with  GatliDg  gun,  caliber  .4S, 

at  Sand V  Hook,  October  3,  *,  and  NoveinW  29,  30, 187a 197-300 

re[K>rt  on  MerwiD,  Hulbert  &  Co.'s,  by  U^j.  J.  H.  Whittemore 3G3 

'       description 36J 

accuracy  at  60  yards  and  100  yards .' 361 

fouling 38J 

approximate  etlective  ranges. . 363 

revolver  amnmnition  (accuracy) ^. 361 

otf-hand  tiring <  3M 

report  of  board  at  Springfield  Armory  to  t«Bt  Herwin,  Hulbert  &  Ca.'s  mnl- 
tiball cartridges IK7 

odvantAges  claimed  by  Merwin,  Hnlbert  &  Co.  for  theft  cartridges 371 

description  of  Herwiu,  Hulbert  &,  Co. 'a  muttibsll  cartridges 37t 

record  of  firing  with,  for  pi  si  o! Zi 
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